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COMPUTER PROGRAMS FOR ESTIMATING AIRCRAFT TAKEOFF

PERFORMANCE IN THREE-DIMENSIONAL SPACE

Jeff Bowles
Ames Research Center, NASA

Moffett Field, Calif. 94035

ABSTRACT

)

A set of computer programs has been developed to estimate the takeoff
and initial climb;out maneuver of a given aircraft in three-dimensional space.
The program is applicable to conventional, vectored lift and power-1lift con-
cépt aircraft. The aircraft is treated as a point mass flying over a flat
earth with no side slip, and the rotational dynamics have been neglected.

The required input is described and a sample case presented.



INTRODUCTION

A set of computer programs has been developed to estimate the takeoff and

initial climb-out maneuver of a given aircraft in three-dimensional space.

The program is applicable to conventional, vectored l1ift and power-1ift con-

cept aircraft.

The aircraft is treated as a point mass flying over a flat

earth with zero sideslip, and the rotational dynamics have been neglected.

The user is required to provide two subroutines which compute the total

force coefficients along and normal to the flight path, and determine various

required engine characteristics,

This report describes the various subroutines and the required input, the

equations used, and the computational techniques involved.

Also included is

a sample case and a listing of the program.

Fortran ﬁame
T(6), ${10)
CL

CD

CX

cY

ENP

G

HABS, S(7)
EYEW, EYEWNG

XLF

NOTATION

acceleration along flight path (m/sec?, ft/sec?)
gircraft lift coefficient

aircraft drag coefficient

force coefficient along flight path

force coefficient normal to flight path and in
plane of symmetry of the aircraft

number of engines

acceleration due to gravity (m/sec?, ft/sec?)
altitude (m, ft)

incidence of wing (deg)

load factor

dynamic pressure (N/m?, 1b/ft?)
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S(15), ROC, RTCL rate of climb (m/sec, m/min, ft/sec, ft/min}

ROCMIN

SW, SWING

THRUST

T(4), S(4), VEL

VR
W, WG

WF, WFUEL

S(8)

S(9)

-5(7)

ALPHA

5(5), GAMMA
DELFD
DELSPL
lTHETAF

MU

ANGLE

minimum rate of climb during turning flight
(m/min, ft/min)

reference wing area (m?, ft?)

thrust, net or gross, per engine (N, 1b)
aircraft velocity (m/sec, ft/sec)

rotation speed, EAS (m/sec, kﬁots)

aircraft weight (N, 1b)

fuel flow (N/hr, 1lb/hr)

wind axis coordinate, tangent to flight path (m, ft)

earth fixed coordinate, along runway (m, ft)

wind axis coordinate; perpendicular to X aﬁd Z,

(m, ft)

earth fixed coordinaté, perpendicular to X and Z

(m, £t) |

wind axis coordinate, perpendicular to X, and in
plane of symmetry {(m, ft)

earth fixed coordinate, normal to earth surface
(m, ft) |

angle of attack (deg)

flight path angle (rad, deg) |

flap deflection {deg) .

spoiler deflection (degj

pitch altitude (fuselage angle) (deg)

rolling coefficient of friction

vectored thrust deflection angle (deg)
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o RHO air density (kg/m3, slugs/ft3)
] PHI roll angle, right wing down positive (deg)

Y S(6) heading angle (deg)

SUBROUTINE TAKOFF

The subroutine TAKOFF simulates the takeoff and initial climb out maneuver
of a given aircraft in three-dimensional space. The program is applicable to
conventional, vectored 1ift and powered 1lift aircraft. The aircraft is treated
as a point mass and the rotational dynamics of the aircraft are neglected.
This simplification necessitates an estimation of all rotational rates involved.
These rates are either input by the user or are approximated by a finite dif-
ference form. In addition, the following assumptions are made:

| - flat earth
- constant acceleration of gravity
- zero sideslip angle

The final assumption implies that the velocity vector and the resultant
aerodynamic forces are contained in the plane of symmetryl(ref. 1).

The takeoff maneuver is divided into four basic segments: ground roll
and rotation, liftoff and initial segment climb, acceleration to final climb
speed at é constant rate of climf, and finally, the pullup maneuver to
establish the final climb speed. Provisions in the program are made for
gear retraction, flap retraction, changing of vectored thrust angle and power
setting, and changes in heading angle.

The ground roll is made at a specified power setting and flap deflection.
When the rotation speed is reached, the aircraft is "yrotated' by increasing

the angle of attack linearly with time until liftoff occurs or the tail scrape



angle is reached. If the latter occurs, the ground roll is continued with -
the fuselage angle equal to the tail scrape angle.

The flight path control is obtained by monitoring four dynamic variables
~ acceleration along the flight path, load factor, fuselage angle (pitch
attitude) and rate of climb. The aircraft is not permitted to decelerate and
the load factor and fuselage angle are restricted to values less than or
equal to a specified maximum value. If any of fhese conditions are violated,
the angle of attack is reduced until all constraints are satisfied. During
turninglflight, if the rate of climb is less than a specified minimum value,
the roll angle is reduced until the time rate of change of the rate of climb
is non-negative. In addition, if the time rate of change of the flight path
angle is less than -1.0 deg/sec, the roll angle is also reduced.

Once a specified altitude is attained, called the maneuvering altitude,
the aircraft is pifched down by a reduction in angle of atta;k until a specified
rate of climb is obtained. The aircraft then accelerates at this rate of
¢limb until the desired final climb speed is reached.

When the final climb speed is attained, the pullup maneuver is executed
in order to bring the aircraft to a zero rate of acceleration along the flight
path. This maneuver is accomplished by increasing the angle of attack and
pulling a load factor of 1.20, which will result in an increase in the rate of
climb to a final value at the desired climb speed. It méy be necessary to
throttle the engines in order to maintain the desired constant climb speed

subject to the fuselage angle restriction.

Program Inputs
The inputs to subroutine TAKOFF are through the argument list, input by

NAMELIST and common blocks fUNIV/ and /AERO/. Either metric or English units
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may be used in the program. On the first input data card, starting in col. 1,

the word METRIC or ENGLISH should appear, depending on the user's choice of

units.

The call

to TAKOFF is as follows: CALL TAKOFF (INPC, IDCN, WGROSS,

SWING, XENG, VR, VEND) where

INPC

IDCN

WGROSS

SWING

XENG

VR -

VEND -

tl
—
i

program control input data loaded
= 2 - program executed

= 3 - data input and program executed

1]

print controel 1 - no print out

= 9 - print out
aircraft gross weight (N, 1b)
reference wing area (m?, ft2)
number of engines

rotation speed (m/sec, knots)

final climb speed (m/sec, knots)

All speeds are indicated in air speeds.

There are three namelist inputs to TAKOFF, /NAMI/, /NAM2/ and NAM3/.

The namelist /NAM1/ input variables are as follows:

CDGEAR

DFLPDT

t

DTABS

DTGR

DTPDWN

DTPUP

DTVECT

EYEWNG

drag increment due to gear

flap retraction rate (deg/sec)

temperature increment above standard temperature (°C, °F)
time required to retract gear (sec)

throttling down rate (percent/sec)

throttling advance rate (percent/sec)

vectored thrust angle reduction rate (deg/sec)

wing incidence angle (deg)



HAPT -

HDT -

HGR -

HMAN -

HMAX -

UM -

NPAGE

PMARG

ROCMIN -

ROLLMX

ROLRAT

RTCL

THTFLY

THTSCP -

XLFMAX -

The user

airport altitude (m, ft)

obstacle height (m, ft)

altitude at which gear retraction is started (m, ft)
maneuvering altitude (m, ft)

takeoff termination altitude (m, ft)

rolling coefficient of friction

number of lines printed per page

pullup speed margin

minimum rate of climb during turning flight (m/min, fpm)
maximum allowable roll angle (deg)

roll rate (deg/sec)

rate of climb during accelerate segment (m/min, fpm)
maximum allowable fuselage angle while airborne (deg)
tail scrape angle (deg)

maximum allowable load factor

may input all, some, or none of the above-input variables.

default values of these input variables are listed below:’

GDGEAR = 0.0, DFLPDT = 3.0 deg/sec, DTABS .= 0.0° F,

DTGR = 5.0 sec, DTPDWN = 5.0 percent/sec,

DTPUP = 6.0 percent/sec, DTVECT = 10 deg/sec,

EYEWNG = 1.0 deg, HAPT = 0.0 ft, HDT = 35 ft,

HGR = 25.0 ft, HMAN = 1000 ft, UM = 0.02,

PMARG = 0.04, ROCMDN = 250 fpm, ROLLMX = 15.0 deg,

' ROLRAT

THTFLY

5.0 deg/sec, RTCL = 750 fpm,

15.0 deg, THTSCP = 10 deg, XLFMAX = 1.15.

Note that all default values contained in the program are in English units.
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If the default value of CDGEAR is used, the program will calculate, based
on an empirical formula, a value for the gear drag as a function of gross
weight and wing area.

The second set of namelist variables, /NAM2/, constitute the flap,
throttle and vectored thrust schedules. These are tables that manage the
flap setting, power setting and vectored thrust angle as a function of the

aircraft speed and altitude. These variables are arrays of dimension 5.

XDELFD (1) - flap deflection (deg)

XHFLAP (I) - flap retraction altitude (m, ft)

SVFLAP (I) - flap retraction speed (m/sec, knots)

XPOWER (I) - power setting

XHPWR (I) - power setting change altitude (m, ft)

XVPWR (I) - power setting change speed (m/sec, knots)

XNV (1) -. vectored thrust angle (deg)

XHVECT (I) - vectored thrust angle change altitude (m, ft)
XVVECT (I) - vectored thrust angle change speed {m/sec, knots)

All altitudes are absolute altitudes and all speeds are indicated air
speeds.

These schedules are constructed as follows: If the speed or altitude of
the aircraft is equal to, say, XVFLAP (I) or XHFLAP (I}, respectively, then
the flaps are retracted at the rate DFLPDT to the value XDELFD (I}. The power
setting and vectored thrust angle management work in a similar manner. The
power setting may either be increased or decreased. The flap setting and vec-
tored thrust angle setting can only be reduced with altitude or speed. The

values of XDELFD (1), XNU (1) and XPOWER (1) are all for the ground run. The



user is permitted four changes in flap, power, vectored thrust angle settings
during the airborne portion of the takeoff.

The default values for /NAMz/rafe as follows:

- 100 percent throttle throughout takeoff

~ 0 degrees vectored thrust

- 15.0 degrees flaps during ground roll, retracted to 5.0 degrees
at 250-ft altitude, retraction to 2.0 degrees at 200 knots, and
finally, complete retraction at 210 knots.

‘Again, the user may choose to use all, some, or none of the above
schedule values., Note that the default values contained in the program are in
English units. No changes to any of these settings are allowed during the
pullup maneuver.

The final set of namelist variables, /NAM3/, define the departure
headings as functions of absolute altitude and ground distance from the start
of takeoff roll point. The heading angle, with values - 180 < @ < 180, is
positive for right turns proceeding along the flight path. These input
variables are arrays of dimension 5.

XHEAD (I) - flight heading (deg)

XHHEAD (I) - heading change altitude (m, ft)

XRANGE (I) - heading change ground distance (km, n.mi.)

The departure heading schedule works iﬁ a similar fashion to the flap,
power and vectored thrust angle setting schedules. If the absolute altitude
or ground distance from the starting point of the takeoff rdll is equal to
XHHEAD (I).or XRANGE (1), respectively, the aircraft begins to turn to a

heading value of XHEAD (I). The runway heading is defined to be a heading



angle of 0 degrees. Changes in aircraft heading are accomplished by increas-
ing or decreasing (for right or left turns, respectively) the roll angle at a
rate equal to ROLRAT. The absolute value of the roll angle is restricted to

a maximum value of ROLIMX. The roll-out maneuver to establish the required
heading is performed by rolling the aircraft back from the banked attitude to
zero degrees roll (wings level) at a time such that when the wings are level,
the aircraft is on the desired heading. The roll rate for the rollout maneuver
is also equal to a value of ROLRAT, The default values for the heading
schedule is for a straight out departure (no turns). Four changes in heading

angle are permitted during the takeoff.

Program Output

The program output consists of a time history of several aircraft and
flight path parameters. The output will be in meters or English units,
depending on the Ehoice of the user, See the sample listing presented in‘

Appendix B. The output variables are as follows:

TIME - time from start of takeoff roll (sec)

X DIST - ground track distance along the earth fixed X coordinate
{m, ft)

Y DIST - ground track distance along the earth fixed Y coordinate
(m, ft)

ALT - aircraft altitude (m, ft)

TAS - true airspeed along flight path (m/sec, knots)

EAS - indicated airspeed (m/sec, knots)

MACH NO - Mach number

ACCEL - acceleration along flight path (m/sec2, ft/sec?)

CL - aerodynamic 1ift coefficient
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CD - aerodynamic drag coefficient

ALPHA - angle of attack (deg)

GAMMA - flight path angle (deg)

R/C - rate of c¢limb (m/min, fpm)

LOAD FACTOR - load factor

THRUST - total thrust, net or gross (N, 1b)
FUS. ANG. - fuselage pitch angle (deg)

ROLL ANGLE - roll angle (deg)

HEADNG - heading angle (deg)

In addition, the user may also obtain the following values through the

common block /EXCHNG/:

SROLL - distance to liftoff (m, ft)
835 - track distance to obstacle height (m, ft)
V35 - speed (EAS) at obstacle height (m/sec, knots)

The program will terminate normally when the end speed is reached
(VEND) or when the maximum specified altitude (HMAX) is attained. Abnormal

termination will occur under several conditions:

flight path constraints cannot be ﬁet by further reduction
in angle of attack
- aircraft cannot accelerate at input rate of climb (ﬁTCL)
- airceraft altitude becomes negative
- ground track distance in X or Y direction is greater than
10 n.mi.
- ground run exceeds 90 sec

- elapsed time greater than 300 sec

11



For further definitions and explanations refer to the listing of TAKOFF
and supporting subroutines contained in Appendix C, and the sample case pre-

sented in Appendix B.

Subroutines ARODYN and ENGINE

The takeoff subroutine described above requires the user to provide two
subroutines to compute total force coefficients and determine various required
engine characteristics (e.g., thrust and fuel flow per engine). The format
and structure of these subroutines is left to the discretion of the user. The

units used in these subroutines should be the same as those of the input data.

I, Subroutine ARODYN

This subroutine computes the total force coefficients along the flight
path and normal to the flight path in the plane of symmetry as a function of
angle of attack and thrust, A force coefficient in a particular direction
gs is defined to be the sum of all aerodynamic and propulsion system forces

in that particular direction, divided by the dynamic pressure times the wing

area.

The transfer of the various computer variable values to and from sub-
routine ARODYN is through labeled common blocks /UNIV/ and /AERO/. Of primary
concern is the common block /AERO/:

COMMON /AERO/ VEL, QS, HABS, THRUST, TVECT, ANGLE, DELFD, DELSPL, ALPHA,

cs, ¢y, CL, CDb, RHO, GRCD, IFAST

The input variables from TAKOFF are:

VEL - aircraft velocity along flight path (m/sec, ft/sec)

12



Qs - dynamic pressure times wing area (N, 1bs}

HABS - absolute altitude of aircraft (m, ft)

THRUST - thrust (net or gross) per engine (N, 1bs)

TVECT - total vectored thrust (N, 1bs)

ANGLE - angle of vectored thrust relative to aircraft center line,

positive down (deg)

DELFD - flap deflection (deg)

DELSPL - spoiler deflection (degi
ALPHA - angle of attack (deg)

RHO - air density (kg/m®, slugs/ft3)
GRCD - drag increment due to gear

The return from ARODYN should be:

cx - total force coeff1c1ent along flight path
CY - total force coefficient normal to flight path in plane of
symmetry

The output variables CL and CD are provided to the user as a means to
distinguish between pure aerodynamic coefficients and total force coefficients.
The output variables CL and CD are printed out in the time history, but are
not used in the actunal calculations. If desired, in subroutine ARCDYN, CL and
CD may be directly equated to CY and CX, respectlvely

There is a certain amount of redundancy among some of the input variables,
The user may utilize only those variables he desires and disregard the others.
Due to the wide range of velocities encountered during the takeoff, there will
be a correspondingly large vériation in the magnitude of the force coefficients

which must be accommodated in subroutine ARODYN.

13



II. Subroutine ENGINE

This subroutine provides the various propulsion data to subroutines
TAKOFF and ARODYN.

The inputs to subroutine ENGINE are through the argument list and labeled
common blocks /AERG/ and /UNIV/.

The call to ENGINE is as follows:

CALL ENGINE (ALT, DTABS, EN, PWRSET, WFUEL, KENG)

where
ALT - aircraft altitude (m, ft)
DTABS - temperature increment above standard temperature (°C, °F)
EN - aircraft Mach number
PWRSET - power setting (see below)
WFUEL - fuel flow (N/hr, 1bs/hr)
KENG ~ engine control parameter = 0

The variable PWRSET is defined to be:

_ net thrust
PWRSET = net thrust available

and is the parameter used in controlling the thrust level. It is used for
power setting management during the takeoff.

The user may choose to work with either the gross thrust per engine or the
net thrust per engine, provided he uses the variable THRUST properly in the
calculation of the total force coefficients. For example, when using gross
thrust per engine, the ram drag must be included in the total summation of
forces, If the gross thrust vector and ram drag vector can be considered
collinear, the user may choose instead to work simply with the net thrust.

Refer to the sample case presented for an illustration of subroutines
ARODYN and ENGINE,

14
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APPENDIX A
EQUATIONS
Equation of motion during ground roll

dv/dt = (g/W)[-Wn + qS(Cyu - €)1

Equation of motion along flight path

dv/dt = (g/W)(—CXqS - W sin yv)

Equation of motion normal to flight path and in the plane of symmetry

‘dy/dt sin ¢ cos y + dy/dt cos ¢ = (g/WV)(qus - W cos vy cos @)

Equation of motion normal to the flight path and normal to plane of

symmetry
-dy/dt cos ¢ cos vy + dy/dt sin ¢ = (g/WV) sin ¢ cos v
where
g = gravity constant
W = aircraft weight
q = dynamic pressure

= wing area
Yy = flight path angle
¥ = heading angle
9 = roll angle
V = aircraft velocity

C, = total force coefficient along flight path

@]
"

total force coefficient normal to flight path and in plane of

symmetry
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The coordinate systems used are presented in fiéure 1. The XYZ is the
right handed earth fixed coordinate system, with the X-axis aligned with the
runway. The Z axis is vertical and positive downward. The wind axis system
is defined as follows: the x,, axis is tangent to the flight path and positive
in the direction of flight; the ) is normal teo the X, axis, in the plane of
symmetry of the aircraft, and is positive downward in level flight; the Y
axis is normal to the X, aﬁd Z, axis in the right handed sense. The
X, ¥, z coordinate system is the translation of the XYZ axis system to the
location of the point mass representation of the aircraft (ref. 2).'

In order to make the system of equations of motion more amenable to
numerical integration, the equations are manipulated in order to obtain
explicit relations for the time rates of change of the velocity, flight path
angle and heading angle.

The equation for dV/dt is already in the desired form. Note that the
acceleration along the flight path is independent of the roll attitude. To
obtain an expression for dy/dt alone, eqqation 3 is multiplied by cos ¢,
equation 4 multiplied by sin ¢ and the resulting equations subtracted to
give:

5. B dy/dt = [8/(W)](C,aS cos ¢ - W cos v)
An expression for dy/dt alone is obtained in a similar manner:
6. dy/dt = [g/(WV cos v)] quS sin ¢
~ The system of equations 2, 5, and 6 are then numerically integrated
using the Adams-Moulton fixed step-size method.

7. Load factor
qSC

XLF =-—-ﬁ1

17



8. Constant rate of climb equation
Rate of climb & ROC = V sin y

For ROC to be constant with time,

dROC _
at -0
or,
dROC _ d , _dv . dy _
il (V sin v) = 3¢ sin v + V cos vy It = 0
Substituting for terms dV/dt and dy/dt from equations 2 and 5, and
simplifying:

qS(Cy COS Yy COS ¢ - Cx sin y}) -W=20

8., Rotational rate approximations by finite difference

6 = - i
Y+~ i

where
'® - pitch aftitude (fuselage angle)
y - flight path angle
a - angle of attack
iw - incidence of wing

Differentiating with respect to time we obtain:

ds _da  dy
dt ~ dt = dt

where g% is given by equation 5.

%% is approximated by the finite difference form:

do

dt - (anow B apast)lét

18



where

& ow - current value of the angle of attack
apast = previous value of angle of attack
At = integration time interval

10. Roll-out control equation

As the desired heading angle v, 1is approached with the aircraft
banked at some angle of roll ¢T, the roll angle is reduced at the rate of roll
ROLRAT to zero in such a way that when the wings are level (implying
dy/dt = 0), ¥ = be. To perform this roll-out maneuver, an open loop type
control procedure is used. The problem is to determine at what heading
angle ¢ the roll-out should be initiated.

From eguation 6

sC sC
ap = sin 5~ 5

dt WV cos v ° ¢

WV cos vy
for moderate angles of bank.
Using a finite difference form approximation for dy/dt and the defini-

tions of figure 2,

- S
ﬂ%u:ﬂ:jﬂ_cx-_¢
dt At tf WV cos y 'ave

It is desired that the time average of ¢ over the time interval

0<t'c< te equals ¢, ., where
$ = op * %%—t' s %% being constant
therefore
LTI
ave tf=f (¢T+E?t)dt

0

19



or, upon integration,

AY WV cos vy £

10a. = ¢
te quCy f T

Now, for ¢(tf) =0,

Solving for te and substituting in equation 10a

2
¢r°8qSC,

10b. lap] = 2(d¢/dt)WV cos v

The value of Ay 1is monitored during turning flight, and whenever
wa - ¢| ¢ |a¥| , the roll-out maneuver is begun. This estimate of Ay is
not exact, since the velocity V and the flight path angle <y will change
over the time period tf, but for moderate roll angles and roll rates, te

will be small, and hence changes in V and vy correspondingly small,

20



z

time : Lt

t'=0 - start of rollout maneuver

¢(0) = 97 s ¢(tf) =0

Figure 2.- Rollout maneuver parameters

21
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APPENDIX B
SAMPLE CASE

Shown below is an example of the input, calling format, subroutines
ARODYN and ENGINE, and the print out obtained from the takeoff program.

The main calling program TEST1 is set up to do the takeoff of a
Boeing 727-200. The required common blocks are shown, but others may be added
if needed. This example was done in English units.

The input was as follows:

ENGLISH

$NAM1 NPAGE = 48, RTCL = 550.,

THTFLY

20,, HMAN = 2000,,

ROLLMX

11

30., ROCMIN - 500.  $END

$NAM2 XPOWER(2) = 0.75, XHPWR(2) = 750.,
XPOWER(3) = 0.95, XHPWR(3) = 1750,  $END

$NAM3 XHEAD(1) = 45., XHHEAD(1) = 800.,

XHEAD(2) = -15., XHHEAD(2) = 2250. $END

Subroutine AROGDYN calculates the 1ift and drag coefficients of the 727-200
as a function of angle of attack, flap and spoiler deflection. The increments
of lift and drag due to flaps is determined by a table look-up format. Once
the 1ift and drag coefficients are computed, the thruét components, normalized
by dynamic pressure times wing area (QS), are added in to determine the total
force coefficients CX and CY.

Subroutine ENGINE computes the thrust and fuel flow of the JT8D engine,
based on a simplified model. The thrust lapse is assumed to be linear with

Mach number, and the fuel flow assumed linear with power setting.

22



This particular run was made on the Lawrence Berkeley Laboratory
CDC 7600, requiring a field length of 41700 words to load and 2.47 sec to

execute.
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ve

TESTY

PROGRAM TESTICUINPUT,OUTPUT,; TAPESeINPUT, TAPECSOUTPUT)

COMMON FUNIV/ NPC +NSC

1wF rEM e VMO P EMKMD
2LYEW SFNP rTA P WG
3,KS12E

COMMON FAERO/ VFL QS HABS, THRUST,TVECT,

100

tH + 87

s ALPHLO,CLALPH, 8W
fKWRITE,DLHCY

P NGS

QC!:CYJCLpﬂDJRHOJGRCDpIFAST

Wwh = 172000,

3 SYING & 1720,
5 ENP = 3,0
] DELSPL = 0,0
7 RHO 3 08,0023
10 W @ SKING
12 W B WG
14 CALL TAKOFFL3,F,mMt3pSws35,0,135,0,250,)
22 END

PROGRAM LEMGTH INCLUBING 1/0 BUFFERS
01116

FUNCTION ASSIGLMEATS

STATEMENT ASSIGNMENTS

BLOCK NAMES AND LENGTHS
UNTY - 000030/01 AFRD = 060020702

VARIABLE ASSIGNMFNTS

RHD

IR
1 AR

DELSPL ~ Qo00007/02 ENP = 000021701 - 000015702 Sw

[]] = 00002%3/01

BTART OF CANSTANTS~(0CQN2s TE"PS==00004S INNIRECTS=000047
7600 CowPI| ATION == RUMTA |LEVE| DB 74707715,

ROUTINE CORPILES IN OudQDO

L '
1] ]

ANGLE  DELFD»DELSPL, ALPHA,

= 000015701

SKING

w 000047

= $00006/01



L TA

ARODY N

1
17
20
22
23

26
30
T4
36
a0
47
51
53
55
a3
72
72

SUBROUTINE ARDDYN

REAL My

COMMON JUKIV/ NPC L NSC 100
1wF En P UMD sEMMD SALPHLOD
2EYEW ,ENP s TA WG ' WGS
T,KS12E

COMMON /AFRO/ VEL,QS,HABS, THRUST, TVECT, ANGLE.DELFD DELSPL,ALPHA,

QCI'CvlCLIrDIRHUJGRCDIIFAST
DIMENSION XDELFRIA) pXDELCL LAY XOEL
pATA XDELFD/0,0,5,0,10,,1%,,20,,2%
DATA XDELCLZ0,0,0,186,0,347,0,482,
DATA XDELCD/0,0,,0148,,0295,, 0451,
DATA %XVDEI 6/1,0,,99%,,9%0,,980,,97
CALL ITRLNCXDFLFO,XDELCD, DELFD,DEL
CALL ITRLN(XOFLFD,XDELCL,RELFD,DEL
CALL TTRLMCXDELFD,XVDELE,NELFD,VDE
45 = 0,016
CLALPH = 4,5
ALPHLD = «1,S
SAT = 0,054
SIGHA = O,

DELSPL = ¢, 31w (DELSPL/I0,)

DCOSPL = v, 124 (NELSPL/9D,)

CL £ CLALPHA[ALPHA = ALPHLODY4,0174d
CL = CL = DCLSPIL

P M $87 R
sCLALPH, 8% 1AR
+KWRITE,DLMCA

CO(H)r XVDELG(S)
/

L ]

0,80,0,702/
L0607, ,0837/

Dy 9557

CDF;4)

{LF,8)

Lbeb)

53 ¢« OELCLF

W )
+B ’

CD = SA5 4 NELCAF +(SA7/VDEL&)*(CL = SIGMA=DLLCLF)#s2 + GRCD

coH = CD « RCDSPL

{1 ALPHX = ALPHA * ,01TUS33
1F{Qs B0, 0,0)05 = 0,1
CY 2 €D = THRUSTAENPACOS(ALPHX)/QS
CY = €L + THRUST#ENPASIN(ALPHX)}/QS
RETURN
END

SUBPROGRAM LENGTH

oole7

FUNCTION

ASSIGMMENTS

STATEMENT ASSIGNMENTS

) | -

000052

BLOCK NAMES AND LENGTHS

UNTV -
VARIABLE
ALPHE
CX -
DELFD =
945 -
XDELCL =
START DF

000030/0)  AERD = GOOn2Ys02

ASSIGNMENTS

000010,02 ALPHLG =~ 000013701 ALPHX =
oogonjls02 LY w 00012702 DCNSPL -
g00006/,02 DELSPL = 0DoOD7/02  ENF -
ang 161 SAT = Jopleg SIGMA =
anoi3d YPDELFR « 000128 XVDELL =

CNNSTANTS=00D0TS TEMPS==000112

ap0166 ce
f00165 pCLSPL
gono21/01 GRCD
000163 THRUST
000150
INDIRECTS=000125

L B ]

pogoldso2
pooled

000016/02
gog003/02

CL
DELCDF
Ny
VDEL®

000013702
000158
000125
booleo

CLALPH
DELCLF
Qs

XDELCD

000013/01
000187
80000102
oooid2



9¢

ENGINE

1y
12
16
20
21
as
26

SUBRBUTINE ENGINE(ALT,DYABS,EN,PWRSET , WFUEL,KENG)
COMMON /AERD/ VEL,DBS5,HABS,THRUST,TYECT, ANGLE,DELFD,DELSPL,ALPHA,
FCXyCYeCL,CD»RHD,GRED, TFAST
IF(KENG ,fQ, })GO 70O 10
T0 = J46Qo,
THRUST = (TN = &, 0aENR1100,)2PWRSET
11 WFUEL 3 THRUST®O,A3¢PWRSET
RETHRN
10 PWKRSET £ THRUST/(TO = &,0«EMal1l0,)
GO 70 14
END

SUBPROGRAM LENGTYH

00043

FUNCTION ASSIGNMFNTS

STATEMENT ASSIGNMENTS

10

- Gog022 14 - 000017

BLOCK NAMES AND ENGTHS

AERQ = Q0G020/01

VARIABLE ASSTGNMENTS

THRUST = 000003701 TD = 000042

START NF CONSTANTS=00003 TEMPS=wQ 0034 INDIRECTS=00Q0U2
7600 CoOMPILATION == RUNTA JEVEL 98 T4/07/15,

ROUTINE COMPILES IM 044000



LT

an INPYTS 70 TAKE OFF » ALTITUDE » 0,0 vEMPERAYURE = 99,0 DEG,

A/C CHARACTERISTICS
GROSY RAWMP WT, = 172800 WING AREA = 1720 STATIC 3EA LEVEL THRUST ®» 14000
WING LOADING » 100,0 THRUST/WEIGHT = 244 '

A/C PARAMETERS,
MO, ENGINES = 3,0 CDGEAR = ,0267 EYEWNG = 1,0 TAIL SCRAPE ANGLE = 10,0
FLIGHT PATH CONTROL PARAMETERS i
MAX LDAD FACTOR = §,10 OGEAR RETRACTION ALT, ® 25,0 MAK FLOOR ANGLE m 20,0
MANEUVER ALY, = 2000 ACCELERATE RATE OF CLINS » 550

PARAMETER VARIATION RATED

OABY » 1,0 DFLPOT = 3,0 DYGR® S,0 DIPOWN = 5,0
DYOUP » 6,0 OTVEELY & 10,0

PONER, VECTORED THRUSY, AND FLAP SCHEDULES

THIOTTkEIFBHER AFTTING
PHRSET 1

W00 L) .95 1,00 1,00
SPEED 0.0 0,0 0,0 999,0 999,0
ALTITUDE ¢ 780 17%0 o 0
VECTORED THRUST ANGLE
ANGLE 0,0 a,0 0,0 0,0 0,0
SPEED 0,0 999 0 999, 0 959,0 999,0
ALTITUDE 0 0 ¢ ¢ 0
FLAP DEFLECTION ANGLE
DELFD 15,0 5,0 2,0 0,0 0.0
SPEED ¢.0 0,0 200,0 210,0 0,0
ALTITUDE 6 250 0 ] 0

ALL SPPEDS ARE INDICATED AlR SPEEDS AND ALL.ILTITUDEG ARE ASBSOLUTE ALTITUDES

DEPARTURE HEADINGSE

RANGE 100,0 160,0 100,90 106,90 100,0
ALTITUDE 800°0 225050 99999,0 99999,0  99999,0
HEADING Wsio «i530 5,0 0,0 0,0



8Z

TAKEOFF CELEVATION =

TINE
(8EC)

[y

o0

ROTATION
37,0
3..0
39,0
40,0
ay,0
42,0
a3,0

LIFTOFF
aa,0
a%,0
6,0
ar,0
a8, 0

X DISY
(FEET)

0.0
3,4
L, 4
32,4
57,5
8%,7
129,0
175,3
28,8
2088,8
35%,9
29,8
§510,5
197,9
692,0
792,64
av9.8
1013,5
1133,6
1260,0
1392.6
1531.4
1676,4
1827,.3
1964 ,2
2147,0
231%,6
2489 .8
2009,7
2855,2
1006,1
3242,%
340%,9
36%50,7
$852,5
A0T%,4
a3p01,3
{TIME =
n%28,0
n7%9,4
995 .5
5236,1
5q89,9
5729.8
8982.6

(TIMNE &
6239,%
449868
6741 ,4
To26,2
7293,0

Y DISY

(FEET

R R - - - - - - K- NN E-N-N-N-F-N-N-Y-N-N-§-X-R.-R-¥-.-X-N-R-F-N-F-N-N-F-F.-F-¥.N¥.¥.1

" s e e e s O S A e W R s d e h s e e % e S R A Y P e d e S e e s SRS

)

-2 R-E-X-¥-N-N-R-E-R-N-N-N-B-F-F-F-F-N-R-R-E-N-E-R-E- - -0 NI

- E-E-R-3-E-R-1]

¢ FT)

ALT
creedy

® B A w e B E® W e W E R e BT EERNS S S S RN e Y AR N AR

AN

el - - - NN X - NN - NN - NN R -l - NN N-N-N-N-¥-¥.N-N-N-]

-R-E-N-N-E-N- R I-A-N-N-N-N-N-F-F-N-N-N-F.-N_-F_-y_F - E-N-F-N-E-N-K-F-N-N_E_-F_N-F-¥-.- ¥ N-¥.1

TAS EAS

q
x
o
o
-l
-
=
o
w
o

il Al I P D e

73,0 T30
76,7 76,7
80,4 80,4
84,0 B4,0
87,6 B7.8
91,1 91,1
9,6 Y4 b
98,1 98,1
to1,% 101,%
toa,% 1049
to8,2 1082
114,44 11,4
16,6 114 .6
£117,8 117,8
120,9 126,9
123,9 123,9
1269 126,79
129,9 129.%
132,808 132.8

AR = 135,1 E

135,6 135,6
138,40 1384
141,1 141,1
143,7 1437
146,2 148 2
1486 148 &
150,8 150,8

b213,3 TAl =
152,9 152,9
1%4,7 154.7
156,2 156,2
157.5 1578
158,6 156.%

MACH ACCEL L
NO, (FPE2)

L000 7,22  LeT8
L0086 T, 20 678
012 T AT ,b78
1% T8 LeTR
025 7.0 678
031 T,06 b7
038 T,02 678
L0438 4,98  _s76
J050 6,93 L eT8
<056 6,88 L &7B
(083 6,83 L 4TB
L0809 6,78 _ATB
075 6,72 678
L0811  &,66 6TB
L087 8,60 L8678
L092 &,83 478
098 6,47  _&TB
(106 6,40  (4TB
110 6,33, a78
J115 6,25 878
2121 6,58 bT8
26 6,00 678
132 4,03  _a78
L137 5,95 678
43 5,87 LeT8
L1148 5,79 e78
L1583 3,71 ,eT8
J158 5,62 678
L1863 5,54 678
68 5,46 878
LT3 5,37 678
L1788 5,29 678
L182  S,20 678
L187 5,12 478
A9 5,03 Le78
J196 6,94 a7h
200 4. B6 678
AS = 135,11}

205 4,76 694
L209 4,63 773
21 4,47 ,85g
J217 4,29 930
(221 G,10 1,008
L2264 3,88 1,087
228 3,63 1,165

1%2,7 Ead =

W23 3,35 1,244
230 2,79 1,31
J236 2,39y 287
L2338 2,00 1,287
J2H0 1,62 | 248

152

L0982
L0982
D982
L0962
0982
(0982
40982
0982
0982
L0082
0982
10982
0982
0082
40982
0982
0982
0982
L0982
L0982
L0982
L0982
L0982
L0982
L0982
L0982
0982
L0982
L0982
(0982
L0982
L0982
0982
<0982
L0082
L0982
L0082

L, 0989
,1028
L1074
1127
1186
1252
L1526

7D

da06
L1479
L1453
L1431
L1410

1,00
1,00

1,00

1,00
1,00

1,00

1,20
2,20
3,20
4,20
5,20
6,20
7,20

8,20
9,05
8,75
8,50
8,25

GAMMA
(DEG)

0,480
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0.00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,60
0.00
0,00
0,00

0,00
0,00
0,00
0,00
0,00
0400
000

W01

L06
1415
1,04
2,52

Ll
3R
D
xo

~—

[~ A= RN -E-E-N-JE-E-K-E-R-E-E-N-J-JN_-N-J-R-J-E-J-R_RE-J-N-R-N_-S-B_JL_F -N-JE-JN-N-]

L N R E N EEE T EE E E E I E E E E E R E R E ]

- -R-R-X-%-N-J =2 -N-N-N-N-R-F-E-E-R-N-R-N-N-F-N-N-N-3-K-E-N-N-E-N-E-N-_N-X-EK-E-F-N-%-§N-3—]

CIE R I A N )
o000 CCO

LOAD
FacCT

0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
5,00
0,080
0,00
0,00
0,00
0,00
5,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
2,00
0,00
0,00
0,00
0,00
9,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
8,00

0,00
0,00
0,00
6,00
0,00
0,00
8,00

1,02
1,10
1,10
1,30
1,40

THRUBY
(LBB)

42000
431809
41758
45631
41504
44379
41254
41130
4i006
ap8su
40782
40602
%2
40403
492086
40169
40084
39940
39827
39715
39605
319498
39388
35282
194717
39073
38971
LLLE S
3arr2
386740
18578
38483
383%0
3azee
58209
38129
38033

IT948
37884
37783
37708
37831
37560
37493

37430
37374
3Tsas
17288
3725%

-
{ =
o

ANG,

(=B - -E-X-N-E-N-N-E-N-E-X-N-7-R-¥-X-X-R-N-N-N-N-3-N-RE-F-N-JN-X-R-N-§E-J-N-J

R I I I I i I e N R E R E EEEREREEREE R R IR

NN NNNYN oA - - NN - R E-N_ - N-K-N-N-J-N-N-X-F-X-N-F-N-K-S-F-R-N-X-RE-E-X-N-J-N-N-J

ROL
ANGLE

- a-A-X-F-N-J-F-N_-F_-N-N-F-N-J_-N-N-¥-F-N_-N-E-N-N-K-F-N-N_¥-_F-_F-F_N_¥_%-N-]

. % 4 4 FE EY A S E S Pe S ASSaS A ISE R e SE R &S

- -X-E-R-N-N-J A A-R-N-K-F-F-3-X-N-R-N-L_-F-% 7 -N-R-¥ N-K-E-F_N-E_-X-N-N.-JF-L-J-X-F-N._¥-N-X-J

[-R-R-R-N-N-N-]

L HEADNG

{DEB)

- B ® % F F S W O S S @S EEBESSESSE BT ESFEFS TSRS RS

X -F-Y_N-F-¥-J - N-X-R-Y-F Y .-F F-¥F -F-E - F-W-7T-F-¥_ ¥ X F-N-F-N_-F-YT_F_E_N_¥-F.-§F F_W_J¥.-§N-§N-]
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TAKEOPF CONTINUED

TINE % DINY Y biat ALT TAS  EAS  NACH ACCEL cL CD  ALPHA
(3EL) (reer) (reen) ereeky  (xTey (KTH) NOD, (PFPE2) (DER)

GEAR METRACTION BTARTED AY 48 3 BEC,COMPLEYE AT 53,3 SEC
DISTANCE 10 OBATACLE WEIGHT » ’460.6 SCREEN lP!ED(!Al) u 159,4

4%,0  T381,) 0 SS.o 199,95 159, 4 241 1,53 §,236 L1363 8,00
88,0 1lso ? 0,0 ., 160,2 160.1 242 1,00 s.zaa 1297 B,00
81,0 810100 0.0 1, a 160,7 160,6 203 87 1,220 1232 7,9
5.0 GSTI,O 0,0 Os 1 161;2 161.0 264 88 1,212 1166 7,80
83,0 84ad,1 0,0 12158 161,9 16102 240 LA 1,208 1105 7,79
84,0 8914,4 0,0 19,8 15:.7 161,% ,24% 09 1,208 082 7,79
S!.o *105,4 0,0 1lﬂ,9 181, 1 168,2 249 00 1,142 1016 &9
0456, 3 0,0 219,6 1«: 1et,2 248 D00 1,110 L0987 46,50

sLABS ReTRACTED 70 350 pEG. Ik !z

57,0 9727,i 0,0 284, s Itl. zb:.: L2483 02 1,102 L0974 6,50
IR A 0,0 - R8OLE  141.7 161,1 249 Y 1,100 0% 7,50
59,0 j02ed, 1 0,0 525,3 181,08 161,1 248 W24 1,091 .o870 8,50
80,0 |0!lo.o 9,0 :tu 8 162,00 161,27 248 37 1,072 0825 9,%0
€1,0 10811,5 0,0 303 1622 161.3 L2468 1% 1,128 L0875 10,90
62,0 11083, o 2,0 a33,0 (68,2 161.2 ,244 200 1.117 Jo862 10,38
63,0 113%4,4 0,0 470,88 62,2 181,1 246 W01 1,093 0837 10,08
sa,0 11028.7 0,0 sov,a 1e2,k V61,0 246 J01 1,085 _oBR8 9,99
65,0 {1897,0 0,0 847,85 162,2 t60,% 24b W00 1,085 _o8Rp 9,99
6h,0 1R188,3 0,0 sas ¥ 62,2 160,% 24 ,00 1,088 _ o838 9,93
¢T10 12039,6 0,0 $2AL0 (62,2 160,8 246 W00 1,085 0823 9,08
60,0 12710, 39 0,0 562,8 1602 180,7 240 W01 1,088 _0B28 9,98
0,0 ;a!u: 2 0,0 11,3 162,2 160,06 246 L01 1,085 _ q828 9,93
0,0 13283.8 0,0 7I80T  Le2)S 1603 L24e 0L 1,085 0828 9,93
revinp THROTTL! SETTING TO 7510 PERCENT IN k2 3 sec,

71,0 13524, 0,0 TY8,0 162,3 160,84 246 01 3,030 L0713 .30
seafn TuRN. T8 weaping' 48,0 ors,

72,0 137%,% W0 B14, 8 142,% 160,3 ,2ab W01 1,007 0748 3,98
73,0 14000,3 1,2 829 .0 1e2,% 1603 246 «01 1,003 _0T44 B8,%0
18,0 14340,8 3.9 89,3 62,3 160,2 246 L00 1,015 L0735 9,03
7S,0 14812,9 16,7 *08,3 162,53 160,1 248 01 1,030 L0771 4,28
?H,0 14888.2 34,2 932, s 1623 160,11 2ué 40 1,093 0837 10,08
7,0 151%6,4 7,8 9ale 162,40 160,1 246 Wil 1,172 L0925 131,08

1,0 s!llt 2 114,3 OT4.a §62,0 160,41 246 7 1,223 L0988 11,70
.0 Lasaoa 3 178,2 021 -asz,s 160,227 2% 1,223 L0988 11,70
84,0 1!134 2 299,2 1009, l 162,83 160,84 247 W87 1,219 L0908y 14,68
81,0 1810, e 387,51 1024,% 63,1 160,7 247 0% 1,215 L0976 11,60
2,0 18484, a aTyieh 103807 163,35 (61,1 248 6% {.207 096 11,50

83,0 16701 602,35  1051,! 164, 1 161,6 209 1,03 1,199 0987 11,40
84,0 ;t!sn [ 198,9  1082,0 164,28 1&2. L250  1,B2 1,191 ,0%a8 11,30
85,0 111#7, 90,9 107: ¢ 1655 162.9 281 1,31 4,183 L0938 11,20
G0 17386,8  go84Y :oat 0 1663 18Y, YYota%2 1,27 1,172 L0925 11,08

87,0 179%, ‘o 12693 1ov|,o 167,0 146.4 885 1,10 §,188 L0916 10,95
88,0 17l05. 1461,2  1104,2 167,46 164, K 294 L84 1,156 L0904 10,89
89,0 1800%,2 1633, 11E904 18,0 14803 288 «53 {,148 oB%8 10,79
90,0 18210,6 1887,4  1157,7 160,2 18,4 258 16 §,148  _oB%s 10,75
1,0 18411,0 2087,6 119972 160,2 145.4 289 W01 1,101 L0835 40,18
02,0 18611,2 2287,9 1182, 148,2 165,35 233 00 1,066 L0807 9,70
23,0 18814,3 288,2 s:os,a 168, 2 :os.: o298 W01 1,050 L0791 9%,50
*8,0 011,53 298,40 1231,1 16002 1682 288 W01 1,046 L0787 9. &S
*",0 19111.0 2088,6  1295,6 lbl.l §65,2 299 W01 1,088 LOTBY 9,48
%%,0 19811,7 3088,  1200,.1 18,2 165.1 296 01 :.oao 0787 9,48

&y%8
3,98

R/C
(FPN)

%031,3
110t,2
1300,%
1900,9
1902,4
20409,4
2095,5%

2108,8
2119,4
2131,9%
2126,8
149,46
2247,°
2287,0
2300,7
2304,0
2306,9
2306,%
307,41
2%0%,7
2308 ,.4

2aet,."v

2138,7
1968,6

1780, 1
1976, 9
1378,8
1340,3
1342,7
1059,1
9%5,3
85,8
T86,3
08,5
06,1
559,7
$90,6
8,0
04,7
100%,1
11959
1366,4
1834,1
1458,0
1066,
1468 ¢
1470,1

- &
-

-aw
o 80
"X 1 ")

- 2 9 & 8 * " sanna
e e ol e L T
Y- E-X-X-R-E-J-E-%-%-E-N-JX-J

e e
» e awn
- K -]
- K-2-08 )

-

-
<
=

THRUST
(Led)

ITeas
3Taoe
37108
37174
37164
37198
37487
17156

17158
3718¢
37150
IT1as
37138
137
371356
37119
371340
mm
37133
37132
INn
3Ty

35830

33913
32516

30299
2802
27844
27843
27843
T783%
27833
2782b
17816
2Te04
zrv8e
TR
rTse
27738
a4 L)
T4
2l A
27708
27707
21107
2TTRY
anrtoe
27704

ROLL HEADNG

ANGLE

PR EEERERLER]
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-~ NN O - 2-E-N-R-F-X-N-F-X-3-2-J-X-

(DEG)
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[ A R EEEREEREEEREEREEERERER]
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TAKEQFF CONTINUED

TIME x DIST v DIST ALY, TAB  EAS
tAECY  (PEETY  (FEET)  (FEET) (KT3) (KT®)
97,0 19611,8 1299t 1304,6 1683 1651
98,0 19812,0 34S9.4  1329,1 168,3 1490
99,0 20012,1  3689%,6  1353,4 1683 (68,0
100,0 20212,2 38399 {378,1 1683 1649
101,0 20012,4  #080,2  1402,6 168,% 1648
102,0 20612,6 4260.4  1427.1 168,35 L1648
103,0 20812,7 0480, 7  1451,6 1683 1647
04,0 21012,9  4s61,0 1476,1 1683 (84,7
109,0 21213,0 4861,3  1500,5 168,% 1é4,6
106,0 21413,2 S061,%  1525,0 162.3 164,86
107,00 21613,4  5261,8 t%49,% 168,3 164,85
108,060 21813,6  Sd4&2.¢ 1573,9 1683 164,40
109,0 22013,8 662,04  1%98,4 1683 184,.4
110,0 22214,0 S862,7  1622,9 148,3 164,%
111,80 22614,2 60463,1 16473 1483 1643
112,0 226t4,4  B263.4  1674,7 166,3 164,2
113,060 22814,6  6d63,7  1698,2 1468.3 1642
114,0 23014,8  s684,0  1720,6 168.3 164,14
115,0 23215,0 664, 8  1745,1 68,3 1641
ADVANCE THROTTLE SETTING TO 95,0 PERCENT IN
116,0 2341%,2  Toed, T 1769.6 168,53 1640
137,0 23615,4  T264,9 17958 148,38 64,0
18,0 23815,3%  TaeS. 0 18251 1684 163,9
119,0 24015,0 Tooed b 1887 .6 168,40 1636
120,0 24214,5 T8a4,0  {B92,8 |68.4 163 .8
121,0 24413,9  8063,9 19290 68,4 1637
122,0 20613,3 8263 .4 1965,T 148.4 163,6
123,0 24812,6 BAs2,9%  2502,4 18,4 1638
ACCELERATE TO CLIMB SPEE€D OF 250,0
t26,0 25012,0 E6b2,4  2039,0 1468,5 1635
125,0 2%211,7  8B62,2  2074,5 1487 1636
(26,0 25414,9 9062,5  2107,7 1469,1 143 9
127,0 2%613,1 92638 2137 4 1498 164,58
128,0 2%815,6 ueb 4 21629 170,9 1655
129,0 26019,9  9670,8  2183,5 172,3 166,8
130,0 26226,2 98773 99,0 174,0 168 .8
131,08 264351 10086,3  2209,3 76,0 170,4
132,0 26686,3 102976 . 2218,1 178,0 (72,2
$33,0 26859,9 10511,3  222T7.0 79,9 174,1
134,0 27a7S,7 10727,3  2235,8 181,8 75.9
135,0 27293,9 109496  2244,6 83 8 17T 8
BEGIN TURN TO WEADING w1%,0 DEG,
136,0 27514,8 {1166,2  2283,5 85,7 (79,7
137,06 277379 (188,84  2262,3 (87,7 1845
138,0 27986,3 11640,3  2271,1 189.6 183 4
139,0 28201,6 11829,7 2280,0 191,5 1852
140,0 2840%,7 12044,2 2288,8 193.4 187,90
141,0 28700,3 12251,1 2297.,6 195,2 188.7
142,0 28956,7 12447,6 2306t 197.1 190,5
143,¢ 2%9204,4 12633.8  2%14,.4 1989 192.2
144,80 29532,5 12809,1  2322,7 200,7 194,08

MACH ACCEL
NO, (FP82)}
,256 W04
256 201
256 .00
1256 ' 00
L 256 00
1 258 00
« 256 200
« 256 » 01
. 256 2 01
1256 2
119 W00
256 00
256 01
256 201
2258 » 00
W 256 «00
256 (00
. 256 W00
256 «01
3,3 sEc,
256 W04
1256 W01
L, 256 .04
+256 o0
. 2586 W01
256 oo
256 W01
1 256 «01
256 020
(257 .51
257 .95
259 1,49
260 2,07
262 2,66
J265 3,36
L2685 24
271 3,25
2TE 3,26
J2TT 8,28
280 3,29
L2863 3,29
L2806 3,29
289 3,26
292 3,20
29 3,12
L2977 3,06
L300 3,12
L3603 3,12
306 3,12

co

40787
JOT8T
L0791
0794
L0791
07914
0791
(0791
1079
0T
20795
L0798

L0795
0798
L0799
,0799
L0799
0799
,0799

, 0858
0904
0911
L0884
L0824
L0803
L0795
L0795

20755
L0717
L0681
W0Bd6
L0626
10610
20394
20718
0780
10082
s 0665
N TTL

0634
L0824
0620
0021
0630
L0638
,0619
0B09
L0898

ALPHA
(DEG)

9,45
9,45
9,50
9,50
9,50
9,50
9,50
9,50
9,50
9,50
9,5%
9,55

9,55
9,55
9,60
9,60
9,60
9,60
9,60

10,30
10,8%
10,90
10,60
9,90
9,65
9,55
%,55

9,08
8,55
8,0%
7,55
7.2%
7.00
5,75
8,56
8,31
8,07
7,82
7,59

7.37
7,22
7.15
7,18
7.30
7,39
7,15
6,98
6,78

GAMMA
(DEG)

4,95
4,90
4,94
4,90
4,94
4498
4,95
4,94
4,94
4,94
494
4,98

4,94
4,93
4,93
4,93
4,93
4,93
4,93

5,05
5,58
6,24
6,90
7,24
7,37
7,42
7,43

7,32
6,96
5,36
5,55
4,30
2,50
1,70
1,68
1,67
1,65
1,63

1463
1,60
1,58
1,56
1,58
1,5%2
1,423
1,42
1,61

R/C
{(FFPM}

1470, 4
1468,9
1269, 0
1469,0
1469,4
1470,6
1470,5
1449,2
1468,0
1467,9
1447,5
1468,5

14683
1486 ,9
1466,2
1465,9
1466,0
1466,
1466,5

1503,3
16%8,2
1883,2
2049,9
2191,9
2189,9
22034
2207,0

2173,8
2070,1
1899 4
1665,5
1584,
1084,0
TT0,7
530,1
530,0
£30,1
530,0
530,0

530,0
529,8
529,86
29,0
329,86
83%,5
a99,7
4998
S00,2

LOAD
Facy

1,00
1,00
1,00
1,00
1,00
t,00
1,00
1,00

t99

,99
1,00
1,00

1,00
t,00

1,10

THRUST
(LBS)

27705
27709
27704
27704
27704
27703
arTo}d
arrge
arroR
27702
arTo1
27701

21700
27700
277400
27699
27899
27698
27698

29248
31463
33678
15p8¢
15080
35079
35078
35078

15074
1so70
35058
35038
35008
S4988
34999
34840
34805
14750
34694
54638

34582
34826
3qate
34415
14361
34309
34256
34203
34150
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4,0
as,0
as,0
45,0
“S,0
48,0
45,0
45,8
45,0
"5.0

a%,0
48,0
48,0
4s,0
45,0
45,0
48,0

45,0
45,0
45,0
45,0
5,0
45,0
us,0

as,0
s, 0
68,0
4s,0
4%,0
45,0
4s,0
95,0
45,0
45,0
s, 0
48,0

us, 0
84,6
43,7
42,2
40,3
37,8
35,3
32,6
30,1
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TAKEOFF CONTINUED

TINE
(SEC)

L1650
146,90
147,0
FLAPS
188,90
149,0
150,0
151,90
152,0
FLAPY
193,0
154,0
15%,0
156,40
157,0
1%8,0
159,0

60,0

8130
;o!.u
163,90
1ea,0
16%,0
166,0
167,0
168,08

X piar
(FEET)

2981%¢,8
30135 [
5045%,5
R!TRACY!D
38780,9
31114,8%
51455,7
$1804,1
32199,0
RETRACTED
325%519,9
128846,4
33298,0
334634,0
54014,0
34397.3%
30783,5
1572,
I
159%5%,6
36346,1
36700,2
37134,3
17535,1
37037 1
!8302 4

EIECU?! PULLUP

169,¢
170,90
171,08
172,0
17,0
174,90
11%,0
176,0
177,90
178,0
179,0
180,0
18, o
181,7

END OF

387%0,8

39162,4
9877,1
39994, 4
aod14,8
0836,
a12%9,0
q1682,6
azy06,3
42%29,4
ap952, 4
43375,y
asrer,7”
49093, 6

TAKEQFF

Y DIaY
(FEET)

129734
131261
13266 ,8
Yo 2,0
(3198, 2
13911,0
13633 ,8
13703, 4
137795
te 0,0
13841,8
13490 2
139244
13944,3
13949,.8
13940,7
13916, u
870
aau
1!75& ]
13674.8
13583, 7
134896
133834
13278,%
13172,4
AT DADT =
130639
12953 .6
{2842 4
127344
126178
12504 .8
123%1 .43
12217,8
L2164,2
120%0,7
119373
110240
11710,0
11631,3

ALT,
(FEET)

2334,1
2339,4

2347,7.

pEG, IN
23%6,1
2344 ,4
2372,7
2381,1
238¢% 4

pEG, IN
2397,8
2406 ,1
2u14,8
2022,8

243,41

2439 ,4
204T,8
24%6, ‘
2aba,a
24728
2051.1
2009 5
2497 .8
2508, 1
2%14,5%
2%22,8
«13
18%41,4
34,1
25935,1
2%68,7
2549 .0
261%,0
2687,%
2684 4
2734,9
788,68
B LEL 0
28967
2954,0
299%4,2

TAB  EAS
(KTB) (KTS)

202,86 195.7
Zﬂﬂ 4 191 ]
206 3 1993
1,0 SEC.
208,2 201, l
210,1 202,9
212, 204, 's
214,0 208.6

g;sio
217,9
220,0
222,0
220,90
226,1
228,1
230,2
232,2
234.%
236,40
2385
240,
242,7
244.9
247,3
209,2

251,3
2934
255,2
2’5 9
258,13
259, 's
2604
260, 'o
28,2
261.3
261,3
264,%
263 ,3
2613

210,4
21203
244,2
216,2
218,t
220,1
222,0
224,

2es,
227,9
229.9
231,9
2340
236,0
238,14
240,1

242,1
2440
245,86
247.4
248,7
2497
2504
2%0.8
2%0,9
250,8
250,6
250,49
250,2
2%0,90

MACH
NO,

, 309
311
I

317
320
323
326
329

332
338
338
o 341
348
348
+ 351
%

135

300
L363
387
+370
L3713
1376
« 380

, 383
V388
389
302
11
139
1397
,398
1399
1399
199
L399
L399
1399

ACCEL
(FP32)

3.13
3,14
1,13

3.21
5,29
3.30
3,51
3,38

3,34
3,06
3,45
3,46
3,46
3,46
3,46

1,40
LM 1]

3,98

3,63
1,51

co

L0585
L0571
T056d

2 0532
<0503
L0492
0480
L0472

,0487
,04258
L0416
L0407

0398

0390
10383
L0375
10366
L0351
0334
0321
,0312
0305
0301
L0296

0302
L0307
0313
L,0318
10324
L0328
L0327
(0328
L0324
L0303
L0281
(0276
0278
0274

ALPHA
(DEG)

8,60
6,37
6,25

6,75
7,28
7,41
6,91
6,78

8,72
7,37
7,22
7,08
6,90
8,77
8,63

238
6,03
5,69
5,42
5,22
.07
6,98
4,86

T
5,34
5,23
5,36
5,48
5,56
5,53
5,51
.48
5,01
4,48
4,36
4,33
4,32

4,66
5,%0
6,34
7411
7,38
7,45
7,47

R/C
(FPH)

u99,6
500,3
500,3

500,0
50043
5006,3
500,4
500,1

499,3
500,1
$00,3
500,9
499,9
500,48
099, 8

38813

500,4
5004
$00,5
800,46
500,7
500,7
500,9

534,9
4607
818,08
1064,8
1374,8
1782, 6
21643,4
2533,4
2923,5
3276,5
3403 ,1
3632,9
TTE
3443,8

LDAD
FACT

THRUST
(LB3)

34097
Jupa4
33990

33937
33881
33828
3379
LLY T

33656
353998
33839
33480
33422
313463
33304

j3fas

33126
35066
33004
32942
32880
2818
32756

32499
32636
32362
32933
32490
32456
32429
12411
32400
32307
32398
32394
32 92
Jamm

o
-

e B B B B |
R
N EGe
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ROLL
ANGLE

w24, 3
@b,
wdi,?

wdi 2
w24, 7
w4 8
=25 0
w2, T

.23, 9
wis, 2
LI
wdd, %
LTL )
wdh S
«24,3

U, b
= 113
=21,0
wlb 0
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TAKQFF

36
37
40
42

OCONOAAOnNm R on

APPENDIX C - PROGRAM LISTING

SUBROUTINE TAXQFF (INPC, TOCN, WGROSS  SWING, XENG, YR, VEND)

SUBRNUTTNE TaAKQFF COMPYUTES THF TAKEQFF MANEUVER OF A GIVEN AIRCRAFT,
INCLUDING GROUND ROLL AND CLIMBODUT,

PROVISIONS AuE WADE poR CHANGES IN FLAP,VECTORED TWRUSY ANGLE AND POWER

SETTINGS A4S FUNCTIONS OF SPELD AND ALTITUDE,
HEADING ANGLES ARE DETERMINED RY ALTITUDE AND GROUND DISTANCES,

FOLL~ING gOME CDHMENT CARDS WILl. BE tWO NUMBERS IN PARENTHESIS WHICH
WILL GIVE THE APPROXIMATE STATEMENT=NUMBER RANGE OF THE FUNCTION
DESCRIBED IN THAT COMMENT,

EXTERNA( DERIV1
EXTERNAL DERIVE
REAL MU, mETRIC

COMMGN JUNTV, NPC P NSC ,I0C oH ST sR W .
twfF 1En L] +sEMMO S ALPHLD,CLALPH, SN + AR B '
PEYEW LENP P TA WG 1 WG5S ¢ KWRITE,DLMCY
3,K81ZE

COMMON /AFRD/ VEL,05,HABS, THRUST, TVECT, ANGLE,DELFD/DELSPL,ALPHA,
SCXyCYsCL,CDPRHDHGREND, IFASTY

COQMMON RN/ PHILROCMIN

COMMON ZEXCHNG/Z SROLL935,v3%,T50

COMMON /XROLL/TE{30) , NEQ- MU NREY

COMMON /XFIATE/ SCTS) ROC, THEMAN  THETAF » XLF p XLFMA X, K

COMMON UNIT/TUNIT.G

DIMENSION ANSER)

DIMENSION XDELFD(S) , XHFLAP(S) , XVF{ AP(R)

DIMENSTION YWPWH(S) pXVPWR(5) ) XPOWER(S)

PIMENSION XNUCSY , XHVECT(S) , XyVECT(5)

DIMENSTION XRANGE (S}, XHHEAD (D)) XHEAD(S)

YYYOXXXaYho¥2ox1,x@) B ¥1 & (YE=yl}a(xXX=X1)/(X2=X1)

Dara xDELFL/IS,0,%,0,2,0,0,0,0,0/, XHFLAP/0,0,250,,0,0,0,0,0,0/,
OXVFLAP/0,0,8,0,200,,210,,0,0/, XPOWER/1,0,1,0,1,0,1,0,1,0/, XHPWR/
90,0,0.0,0,0,0,0,0.0/, X¥PWR/(0,0,999,,999,,999,,999,/, Xwyu/0,0,0,0,
D0,0,0.0,0,0/, XHVECT/0,0,0,0,0,0,8,0,0,0/, XVVECT/0,0,999,,999,,
0999 ,,999,/

DATA XRANGE/S% 100,008/, XHMFAD/S*99999,/, XHEAD/S=Q,/

DaTA CDGEARDFLPNT+NTARS/DTGRsDTPONNDTPUP,DTVECT,EYEWNG, HAPT,
GHGRy HMANy TNUT UM PMARG ) RTCLp THTFLY s THTISCP/0,0,3,0,0,0,5,0,5,0,6,9,
910,,1.0,0,0,25,0,1000,,0,0,02,0,04,750,,15,,10,0/

DATA ROL|LMX,RM RAT,ROCMIN, nDT/L5,0,5,0,250,,35,/

DATA METRIC/1HmM/

NAMELTST/NaMI/CRGEAR, DADT,DF LPOT,NTABS,DIGR,OTPRWN,DTPYF,DTVECT,
QEYEWNG , HAPT , HGH , HMAN HMA X, TOUT , UM, NPAGE , PMARG,RTCL, THTFLY,
IRTSLP, X F4AX, RO LMY, RO RAT,ROCMTIN,HDT

NAMELTST/NAM2/XDELFD , XHFLAP, xvFL AP, XPOWER , XHPWR, XvPWR, XNps XHVECT,
GXVyECT

NAMEL TST/NAMI/XRAMGE , XHHEAD , XHEAD

GO TO(S,b6,.5),I0PC

S NPAGE 3 3%

PART = 1,0
HMAX = Sgnn,
XLEMAX = 3,10
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TAKOFF

43
5
4b
50
L]
93
54

6é
70
n
T3
74
76
17
101

iot
10a
112
120
126
127
130
13
132
134
136
137
143
147

151
192
158
153
154
15%
156
156
157
160
161
161
1o
13
163
1iad
165

C
C
C

C
r

-

SFT UP FQR 1I=TT8 CaVEFRSTINN

vFIFTR = 0,532047
FNGFTR = a0To,
LSINP = ABTAO,
CPGFTR = 1,00
5 = 32,2
TONTT = 1
RFAR(S,50011INTTS
500 FORVYATEALY
IF(IRITS (nE, METRICIGOU TO %01
VELFTR = .00
KNGFTR = 160N,
ngTAP = 1RAS30,
LDOGFTR = y, 02798
R = 9.8
1usIy = 2
50t CORTHUF

CALL INPUY Tp TAKNFF Truy NAMELTST /NAwML/, /NMEMA/, AND /NAM3I/

READ(S,Na&w )

HEAR(S,rax2)

READ{S,nAM3)

1F{INPO Fn, LYRETURN
6 FNP = XERG

S = S4lnn

x = mGKDSS

FYFW ¥ EYFaNG

MIt = UM

S{7) = Hary

ngp T I = 2,4

IF(¥HPuR (1) MF

IF(XnVECTe ) o,
T CONTIAUE

O, 1% VPa
g

Rty = o,
LJUIXVYELT (T =

4]
0,0
SET Up LOGIN CanTrRol VAaRTABLES

NED = 2
tPAGE =

KENE =
JJi
JJe
e =
INQwn
IFLY = 1
IFI AP

AFL AR

JRILITE
1PNWER
MPUWER
AVECTY =
IVELT =
35 = 1
16 =0

0

i’ - =
——

now
g

nou
e

1
2
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TAKOFF

1y-1.
166
187
170
172

174
aad
206
206
210
212
213

215
221

224

243

260
273

312

33y

354
. 1-1-3
3TH
a7
420
431

436
a7

[z Xalel

lalals]

[aRa¥al

IROLL = )

MROLL = O

THEAD = 1

PHIMAX = ROLLMX/57,3
TINT ® 10,0

FIND GEAR DRAG IF DEFAYLT pF CDGEAR®D,0 USED

IF(CDGEAR ,Ep, 0,0)CRGEAR = (0,0032/3W)nkwnd, B0
CDGEAR = COGFTRACDGEAR

GRCD ® COGEAR

TFCIDEN ,NE, 9)GD TO 299

TEMP B 54,0 + DYABS

WG = WGROSS

WOS = W/SW

FIND BTATTIC THRUST/WETIGHT

CALL ENGINFC0,0,0,0,0,0,1,.0,uwF,KENGY
TOW = ENP % THRUSY 7 W

WRITE oUT PRDOGRAM INPLTS

WRITE(S,201)YHAPT, TEMP
201 FORMAT(//, 36H ax INPUTS T0 TAMKE OFF = ALTITUDE % PO, 12X J4HTEMP
GERATURE » ,FS,1,7H DEG, )
NRITECH,2021W6,8W, THRUST
202 FORMAT(/,6%,19HA/C CHARACTERISTICS,/,9X,17THGROSS RAMP WT, = ,FB,0,
93y, 12HWING AREA = ,Fo,0,3%,26H8TATIC SEA LEVEL THRUST * ,F6,0)
KRITE(6,203)W0D8,TONW
203 FORMAT (9x, |SHwING LDADING = F5,1, 3%, 16HTHRUST/WEIGHT = JFa,3)
wWRITE (&, 204YENP,CDGEAR,EYEW, THTSCP
204 FORMAT(/, 86X, 1SHA/C PARAMETERS,/, 9%, 14HND, ENGINES = fF3,1,3%, 9C
9DGEAR 8 ,F6,4,35X,9HEYEWNG o ,Fu,t,3X,20MTAIL SCRAPE ANGLE & ,Fa,1)
WRITE(®,205)XLFMAX, HGR, THTFL Y, HMAN,RTCIL
205 FORMAT(/,6X%,30HFLIGHT PATH CONTROL PARAMETERS, /, 9%, 18HMAX LOAD FAC
QTDR » ,F4,2,3X,23HGEAR RETRACTION ALT, = ¢FSa1, 5%, 18HMAX FLODOR ANG
SLE » ,Fa,1,/,9%, 16HMANEUVER ALT, &= ,FS5 0,5X,2THACCELERATE RATE OF
QCLIMB = ,F5,0)
NRITE(&{EO&}DADT.DFLPDT-DTGR,DTPDHN.DTPUP,DTVECT
208 FORMAT(/,6%,25HPARAMETER VARTATION RATES,/,9%, THDADT = ,Fd,1,3X
9,9HNFLPOT 3 ,Fi,1,3%,THOTGR = ,F4,1,3X,GHDTPOWN & ,Fi 1,7, 9%, BHOTD
9UP 3 ,Fu,1,3X,9HDTVECT & ,Fu4 1)
WRITE(S6,20T7}
207 FORMAT(//,6X,42%POWFR, YECTORED THRUST, AND FLAP SCHEDULES)
WRITE (&,208) (XPORER(IY),1 = {,5)
208 FORMAT(/,0Y,22HTHROTTLE/POWER SETTING,/,12X%,BHPHRSET ,5F9,2)
WRITE(H,209) (xyPuR(T),Ix 1,5)
209 FORMAT(12%,B8HSPEED +5F9,1)
HAITE(H,210) (XMPRR(T),I = 1,5)
210 FORMAT (12X, BHALTITUDE ,5F9,0)
WRITE(H,211)(XNUCTI, 1 = 1,5)
211 FORMAT(/,9X,2tAVECTORFED THRUST ANGLE,/, 12X,8HANGLE +5F9,1)
WRITEL6,209) (XYVELT(1},I = 1,%)
WRITE(6,210) (xHYECT(IY,] -
WRITE(®&,212) (XDELFDCII), ] 1.5}



Sg

YANQFF
212 FORMAT(/,9%,2LHFLAP DEFLECTION ANGLE,/,12X,8HDELFD pSF9,1)

uby WRITECH,209) (XYFLARCLY,] = 1,5}
4Tl WRITECS,210) (XHFLAP(IY, 1 = 1,5)
s02 WRITE(H,213)

213 FORMAT(/,9x,76HALL SPEEDS ARE INDICATED ATR SPEEDS AND ALL ALTITUD
9ES ARE ABSQLUTE ALTTTUDES)

815 . WRITE(G,214)
214 FORMAT(//,b%,18H0FPARTURE HEADINGS, /)
524 WRITE(S,215) {XRANGF(IY,T=1,5)
215 FORMAT(12%,BMRANGE #5F10, 13
535 ARITECH,216) (XHHEAD(EY,T = 1,%)
216 FORMAT(12Y,BHALTIYUDE ,5F10,1)
548 WRITECG,217)(XHEAD(T),IE1,5)

217 FNORMAT(12X,RHHEADING fSE10,1)Y
oa7 299 CONTINUF
se91 IFCIDCN L€, ¥)
+WRITE (6,999)HAPT
499 FORMAT({H,sr21H TAKEQFF (ELEVATION 2,F6,0,4A FT),//)

5¢2 IF (TDCN LEQ, @ L aND, TWN]TY JEQ, 1IWRITE(&,1000)
b10 TE(IDCN LFO, 9 Ak, TUNIT (EQ, 2)WRITE(S,2000)
C
[ SET FLAPS, VECTORED THRUST ANGLE AND ppWER SETTING FDR GROUND RUN
c
626 PHRSET = XpnAwER(1)
62T AMBLE = XmU(D)
5351 DFLFD = XNELFD(1)
632 THFEMAY = THTISCP
634 HABS = 0,0
634 vFL = 0,
635 ZFRO = 0,
636 Z 2 0,0
636 THETAF = 0,
&37 as = 0,1
&40 S(T) T HAPRY
&au2 gEn = 0,
C GROUNG ROLL INTFGRATION VARTABLES
C T(1) = NUMBER DF EGUATIONS
(o Tt2) = TIME [SEL,)
[ T¢3) & TI¥F INTERVAL, STEP SIZE (SEC,)
c T{u) = VEICCITY (F1,./8EC,) OR (M/SEC,)
C 1¢4) = NISTANCE (FT,) DR (M)
C Teb). & ACCEIERATION (FT, /SEC,»42) OR [M/SEC, xw2)
C
642 1(1Y = 2
b4l T(2) = 0,0
6as T(3) 8 0,1
8de SHERT
C
9
c p8TAIN ATMOSPHFRIC VARIAHLES
C
650 CALL ATHMOS(HAPT,DTAR5,ANS)
652 Sh = ANS{4)
653 RHD = ANS(3)

69% NCOLINT 3 o



9¢

TAKOFF
555

657
[T-1]
bob
667
701
703

Te?
LER!
772

773

177
1011

1012
1014
1015
1017
1023

1047
1052
1085
1056
1056
10460
1042
106b
1075
1074
1ars
11an

[aEaNal

g Enlelal izlelyl IaNakal

[a N alal

[aBalnlel

F

M

H

C

[

106

-]

101

1
A

103

102
fle

M

ALPHA = EYEMW
IND INITTAL ConDITIONS OF THRUST AND FNRCE CDEFF, FOR GROUND ROLL

CALL ENGINE (8073, DTABS,En, PRRSET, UF/KENG)
1FAST =

CALL 4RODYN ‘
CALL INTS(T,242s0urleslarlastysl,s DERIV])

T4 = THRUST a ENP

IF{IPCN ,FQ, 9)
+wRITE(6,100237¢2),7(5),ZERN, ZERN, ZERD,ZERD, 2ERD, T{b),CL,CD, ALPHA,
9ERQ, ZERD, ZERD, T4, 2ERD, ZERQ, 2ERD

AIN GROUND RNEL INTEGRATION LpOP (1-120)
MCOUNT 2 NCOUNT + 1
4L PHAJF = ALPHA
THETAJ = THFTAF

HEC® TF | IFY = AEIGHY = LIFTDFF

IFtAasCY ,GF, WYGO TO 120

HECK SPEFD FAGR VR

IFET(4)x VELFTRa*SNRTIANS(T}Y JGE, YRIGD TD 101
Gn TO 118

EGTN ROTATION

IFcyJ2 En, €)YGo To 103

JIi2 = 2

yKTS = T{4) = vELFIR

EAS = VKISaSART(ANS(T))

IFCTIDEN  Fli, F}wRITE(L,1009)T(2),VKT5,EAS

1009 FARMAT[1X,1BHAUTATION (TIMF = ,Fb,{,3X,10HAND TAS & JFT.1,2%,

F4HEAS = ,F7Y,1,143)

NCREASE alpWA AT RATE DADT AnD KESTRICT TO vALUE ,LE, TATL SCRAPE
NGLE (103=102)

ALPHA = &L PHA + T(3V4DADY

IF((ALPHA = FYEw) ,LE, THEMAXIGD 10 102
BLPHA = THEMAX + FYF'

GO TG 110

THETAF = ALFHA = FYFu

£W = T(4)/54

05 = 0.5aRHDASWaT(UI&T(H)

raLL EAGINFIS(TY,DTAQRS.EM, PWRSET Wi ,KFNG)
1FAST = ¢

VEL = T(4)

T4 = ENPaIWPUST

CALL TRTM(T, 2,2, rtuelastanlasl,, DERIVIY

AKE INTEGRATION STFP
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TAKOFF

Cc
1114 WS w = wFaENPRT(3) /3000,
1115 1FLTC2) (LE, 90,160 1D 113
1124 wRITE(6,105T)
1057 FORMAT(/,35H TIME LI#IT FOR GROUND RUN EXCEEDED)
1138 RE TURM

1135 113 CONTINUFE

[
C CONPUTE ALPHA DDT AND THETA DDY

C
1153 Y¥OADT = (ALPHA = ALPHAJYI/T(3)
1136 UTHTDT = (THRETAF = THETAJ)/T(R)
LLan IFINCOUNT LY, 10)60 TO §
1143 NCOLINT = @
1143 VKTS 2 T(4) » VELFIR
1146 EAS = VKTS & SQRT{ANS(T7))
1152 IFCIDCN  NF 9160 TO |
1160 FF(IDCN L,EFQ, !
thRITE(b'loo?)T(EJ-TESJ.ZoZERO.VKYS.EAS,EH,le),CL,CD.ALPHl.ZERD.
GZERD,ZERQ,TA, THETAF, ZERD, ZERD
1237 1PAGE = 1PAGE *1
|24t TF(IPAGE LT, NPAGFIGD TO 1
1243 IPAGE = 0O
1243 IF{IDCN FO, 9)
+wR1TE(6,9948)
Q9B FORMAT(1M],/,19H TAKENFF CONTINUED ,/)
1254 JF(1DCN ,FG, @ ,AND, [UNIT ,EQ, 1)WRITE(6,1000)
12712 IF{IDCH ,EG, % ,AND, ITUuNIT ,£@, 2)wRITE(&,2000)
1310 no fo 1
1311 120 ¥KTO = T{a) » VELFIR
13513 EASTY = VKTN & SQRT(AMSE(T))
1517 SROLL = T(5)}
1321 TFCIOUYT LEQ, 1)ENP = ENPOUT
1359 LFCIDEN LFU, PIMRTTE(6,1010)7(2),T(5),VKTO,EASTO

1010 FORMATY (1X, 1 TH IFTNFF TIME

= F6.1,2X, THDIST = ,F6,1,2%
g oRTAS & SFT.5,1x,6m6a8 = ,¢7,0,141° " e

1000 FORMAT(134# TIME X DIST ¥ DIST ALT, TAS EAS  MACH A
9rCkL CL CO  ALPHA GAMMA R/C  LDAD  THRUST Fus, RO
9Lt HEADNG,/,131KW {SEC) (FEET) (FEET) (FEET) (KTS) (KTS?
9np, (FPS2) {DER) (DEG) (FPM) FACT (LB3) ANG
9, ANSGLF (DEGY,7)

2000 FORMAT(154H TIME X DIST Y DIST ALT, TAS EAS  MACH &
9CCEL cL £D  ALPHA  GaMMA R/C LOAD  THRUST FuS, RO
9i.L HEARNG,/,13¥n (5EC) {(MTRSY (MTRS) (MTRS) (M/8) (M/5)
NG, (MP52) (PEG)  (DEG) (M/M)  FACY (NTS)  ANG

9, ANGLE  (DEG), /)
1an2 pnan.1‘1!'Fg.l,Fq.1'Fo_l,FQ.1,FT'[,Fb.1,Fﬁ,l,F?.2,F7,3,F7.ﬂp2F7.2!
OF A, 1,F6,2,F9,0,F6,1,F7,1,F8,1)

C
C £ND pF GROUMD RnLL = BEGRIn A1RBORNE paoRYInn OF TAXEQFF
[«
1353 VMARG = PMARGAVFAD
1345 THEMAY = THTHLY
C
C FLAP, ANGLE AnD POWER SCHEDULES SET UP FoR AIRBORNE PORTION



8¢

TAKDFF
1356
13e0
1361
1363
1164
136t
1367
1379
1373
1373

1375
1376
14n00
l4ny

1ung’

1403
1404
1406
1an7T
faan

1424
1426
1427
1410

1435
Ldg2
14db
1450

1454

[aNsEalaNsinlelnleEsNalaNaliaNaNalale]

sl alel

Mo

HFLAP = XHFLAP(2}
YFLAP = XVFLAP(2)
HPOWFR = WHPWR({2)}
VPDOKER = xvPwR(2)
HWYECT = XHVFCT(2)
VVECT = XvWECT(2)
RANGE = XRANGE{1}xRMGFTR
YHEAD = XHHFAD(Y).
PHYI = 0,0
XLF % 1,0
ATHHORNL INTERGRATION VARIARLES
§{1) = NyMBER OF FOUATIONS
502 = TIME (SEC,)
§(3) = YIME TNTERVYAL,STEP STZE (SFC,)
S{(4) = VELOCITY ALONG FLIGHY PATH {FT,/SEC,) 0OR {M/SEC)
5(5) = FLIGHY PATH ANGLE (RAD,)
Sc6) = HMEADTNG ANGLE({RAD,)
S{T) = ALTITURE (FT,) DR (M)
5r8) = XeNISTANCE (FT,) TR (M)
5¢(9) = Y-PISTANCE (FT,) QR (M)
§{1012 ACCEILERATIDN ALONG FLIGHT PATH (FT,/8EL,«x2) OR (M/SEC*#2}
S{11)= TIMF RATE OF CHANGE NF FLIGHT PaTh ANGLE (RAD,/SEC,)
8{12)= T{ME RATE nF CHANGE nF HEADIMG ANGLE (RAD/SEC)
5013)= RATE NF CLIMA (FT,/8ECY PR [M/SEC)
S(14)% SPEEN ALONG X=DIRECTION
$t15)= SPFED ALONG Y-DIRECYION
s€1) = &
s{2)1 = T{2)
03 = 0,1
$(HY) T T(W)
8(%) = ¢,
§(61 3 0,4
5(RB) = T(5)
5(9) =2 0,0

CALL INTS(Sebs2slorbarlarianlent,s DERIVE)
GO TQ 500

MAly AIRBORNE InTFGRATION LaOQP (2=8)

2 NCOUNT
ALPHAJ
THE TAJ

3 wCOUNT + 1
= A PHA
= THE14AF

1FL(s(7) ~ HAPTY) ,GE, RMAX)IRETURN

LHECK PROGRAM PROTECTITON LLIMITS

1FCABS(TLS)Y 6T, DSTORPIGN Tn 9
IF{ARS{S5(9)) ,GT, DsYOPIGO T %

TF(5(7
IF(s5(2

)
}

LT =0,136N0 Ty 9
JGT, 300,360 10 ¢

QRTATIN ATMDSPHERIL VARIAGLES

300 CALL ATHOS(S(7).NDTARS,ANS)
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TAKOFF
1ds0
1del
1463
lasy

1067

1474°

1500

1501
1521
152%
1527
1927
1533

1546

1562
1565
1573
1574
1575
1577
1ST7
160)

160%
fe12
1620

1832
1633
1634
1h4a3

1664
LY
1677
1700

[z R e Nl

[aNalal [aRalnl

[aR=kal

aoom

aNala)

C

B

c

[

1040

A x ANS(4)

RHD = ANS(3)

EM = S(4)s54

HABS = S(7) = R&PT

ALL ENGINE wTTH PWRSET (KENG20D)

CALL ENGINE{S(7),DTA88,EM,PHRSET, NFKENG)
W B k- WFRENPwS(3)/3600,

FGTN AERODYMAMIC CONTROL
LN |
HECK FOR START OF PULLUP MANEUVER

IF ((VEMD =S(d)ASHRTCANS(TII» YELFTR)I, LT, VMARG)GD Tp 27
IFLISCT) = HAPTY LT, HMAM)GO Th 4

IFLIFLY JEQ, 2)G0 10 24

IFLY = 2

IF(RTEL 6T, ROC)IGO TD 9

IF(TIDEN LEGQ, 9)

CCELERATTON To VEND AT CONSTANT RATE OF CLIMB (2827}

tWRITE(H, 1040 VEND
FORMAT(1X,29n4CCELERATE TO CLIMR SPEED OF ,Fe,1)

28 IF(S{4)#*SINeS(S))1#60,0 ,LE, RTCL + 10,160 TD 29

REDUCE ALPHA Tn START ACCELERATION PHASE

29

27

p

1056

41
42

43

4y

ALPHA & A PHA = DADT*S5(3)*0,5

IF(xLF LT, N,BS)ALPHA = ALFHA & DADYxg(3)#0,25
GO TO 2& :

K & 9

RAC = RYCL

GO YO 2é&

IFCJROUTE ER, 2)1GN TO 41

XLEMAX ® §,¢

ULLUP WANE{¥FR = FInD REQUIRED DADT (2Tedd)

CALL PULLUPIDADT,KQDE,PWRSET, KENG,VEND,HAPT)DTABS)
IF (KODE LEw, 9)GQ 1D 9

TF(IDCN F, 9)WHITF(H,1056)DADT

FORMAT(26H EXECUTE PLULLUP AT DADT = ,fa,.2)

JROUTE = 2

G0 TD 4

G0 TU(42,43,44),100E

IF (S(4)#SERT(ANS(7))% VELFTR LT, VEND ,4ND, $(10),LT, ,02)G0 TO

98

sn TO 4

IF(S(4IASARTIANA[T) )% VELFTR ,GE, VEND 1GO TO B
GO TN 4

IF(S8(10),1 T, 0,02)G0 TO 8



ov

TAKOFF

170%
1708
1712
17117

17117
1720
ytae
§72s
1740
1751
1753
1764
1774
1775
2noa
2008

023
202k

2038
2037
2040
204}
2043
2nda

anygy
2056
2964
2065

il alnRakalel

[aNaNal

[nX o] [z Nulal

[aNakal

INCREASF ANGLE OF ATTACK EACH TIME BEFORE INTEGRATION STEP TAKEN
(EXCEPT FOR {NWSTAMT RATE OF CLIMR PORTION]), FOR LOAD FACTOR

LT, 1,0 , ADNITIONAL INCREASE IN ALPHA, 1IF THE TNCREASE IN ALPHA
RESULTS IN ANY VIOIATION DF FLIGHT PATH CONSTRAINTBCACCEL,,XLF:THETAF),
ALPHA WIIL PE REDUCFD ACCORNDINGLY IN DERIV2,

4 ALPHA = ALPHA + DALTRSR{3)
TF(ELE LT, 0.%)alLPHA = ALPHA + DADT*S(3)
TF{XLF ,LT, O,BYALPHA = ALFHA + DADT#S(3)
26 CONTINUF

ROLL ANGLE COMIROL (26=4d9)

IF(MROL, LEQ, Q)IGO Tp 49
HEAD = S(6)*%7,3
IFCIROLL ,GF, 2)XGN 70 45
DELPST = ABS(PHI«PHT&GANSelY /(2 #DPHIDTawaS(u)4CUS(5(S))))
TF(ABS (HEADF=MEAD)Y LT, $7.3s0EPSIYIGD TU 45
PHI & PH] +DNPHINTAS{S)
TFCABS(PHTY ,GT, PHIMAX ,AND, PN _GT, 0,0)PHI = PHIMAX
IF{aRS(PHT) ,GT, PHIMAX ,AND_ FHI LT, 0,0)PHT = «PHIMAX
GO Th a9
45 GO TH(ab,a7,49%), IRDLL
46 TROLL = 2
47 1IF{(ITURN _NT, 0 LAND, HEAD Gk, HEADF) DR, (ITURN LT, ¢ ,AND,
SHEAD ,LT, HFADF))IGRO T 4B '
PH] = PHI = DPHTDTRS(3)
IFLABS(PHTY _LFE, 2./57,33Phl = ((HEADF=HEAD)/ABS{HLADF~HEAD]))

a2, /57,3
GO TD 49
48 IRNDLL = 3
PHI = 0.¢
§(bl = HEADF/ST,3
MROLL = €

49 CDNTINUF
MAKE INTERRATTON STHP

B CAL INTMISs6r2slurtarleslarterl,, DERIV2)
IF(K LER. 99)6G0 10 9
Tih) = f(”)
TF(I3% ,En, 2360 T 22

SAVE YA UES FOR NASTACLE MEIGHY INTERPOLATION

IFE¢s(7) = HaPT) GE, HPTIGO TO &1
vJ = §(4)

TIS =2 T{™

HJ 2 8({7}

GO TO &2

FIND VALUES AT NBSTACLE HEIGHY (21=1315)
21 I35 2

835 = yYY(RDTHTIN, T(S),HJsS5(7))
vI5 = yYyeunY, vd,504) HJaSOT)IXSRRTCANS (7D }#0,592087



144

TAKDEF
2130

21514
2153

L
2155

§189

2163
2200

ea2nil
22us
e207
g2
2211
2211

2213
2214
ede?

2244
2244
¢250

2267
22712
2274
23an
23%a0
2%02
2304

2307
2347
2510
2316

2340
2340
2544

IF(IDCN FO, )
+WRITE(G, 101575835, Vv35

1015 FORMAT(30+W DISTANCE TD OBSTACLE HEIGHT =,F7,1,20H SCREEN SPEED(EAS

9 B,F6,1)
22 [F(I6 ,EQ, 2360 10 25
1FCI6G L,EG, 1}GL TO 23

GEAR RETRACTION (22m23)
IF((S(T) = HAPT) LY, HGRIGD TO 2%

FEu%s2h) « oran
tFOIGCN kR, 9)

+4RITE(6,1025)76,TGL

1625 FORMAT(1X,27HGEAR RETRACTION STARTED AT ,Fo,1,17H SEC,COMPLETE AT

9,Fb, 14k SEC)
16 = ¢ :

- GEAR ORAG IMCREMENT WEDUCED LINFARLY #ITH TIME I 01GR §ECpNDS

23 GRCL =CPGFAR#{1,0 = {5(2) = TG}/DTGR)
1F(GPLD ,nE, 0,036C 10 25
GRCD & 0.0
16 = 2
25 CONTINUE
IF(JROUTE _EQ, 2)G0C TO 39

FLAP RLTRACTINN {25-16)

[FC(RELFD kg, C,0)¥G0 TO 16
GO TOLID, 15, MFLAP
10 TF((SCT)= HAPTY LT, HFLAP ,0OR, S(4)nSGRTCANS(7))%,592087 LT,

9 VFLAPIGD TP &

MFLAP = 2

TIME ®(DELFD = *xDFELFNCIFLAP)Y 1 /DFLPODY

IFCIDON G, 9)
aRRITE(G, LOSOINGFLFD{TFLAP), TIME

1030 FORMAT(1X,19HFLAPS RETRACTED TO ,F4,1,94 DEG, IN ,Fa,1,5H SEC,)

1S NELFO 8 DELFQ = OFLPLUTAS(3)
IF(DELFD ,GT, ADELFR(IFLAPYIGD TO 1&
RELFD = XRELFOIIFLAP)
MELAP 5 1

TFLAP = IFLAP ¢ |

HFLAP = AHMFLAP({IFLAP)

VELAP = XVFLAP(TFLAP)

VECTORED THRUST ANGLE REDUCTION (16=56)

16 CONTIMUE
IFIANGLE B, 0,0360 10 58
60 TO(50,%%),MVECY
S0 TF((S{7)=HARTY LT, HVECT ,0R, S(U)«SORT(ANS(7))a VELFTR LTy
9 YVEL1)GD TN Se
MyECT = 2
TIME = (ANGLE = ANUFIVYECT)Y ) Z/BTVELT
IFCIbEN (ER, 9)



A7

TAKQFF
+WRITELH,105S)XNIETIVECT) » TTME
1055 FORMAT[{1X,334VECTORFL THRUST ANGLE REDUCED YO ,F4,),94 DEG, IN
9Fu,1,5H SEC,)

2363 5% ANGLE = ANGLE = NTVECT*S(3)
clnt IF(ANGLE ,GT, XNUCIVECTIIGO TO Sb
2372 AMGLE = XMij(TVWECT)
2374 MYECT = 1
2374 IVECT = IVFET + )
2376 HVECT = XHVECT(TIVFCT)
2490 WWECT 2 XWVELTY(IVECT)
C
C THADTTLE SETTTNG MANAGEMENT (S6=39)
[
24n3 S& ConTINUE
2403 6O Y0(31,32,33%3),1POWFR )
2412 31 IFC(SC7) = HAPTY LT, HPOWER ,0OR, S{4)}+SQARTLANS(7))n VELFTR ,LT,
3 yPhwERIGOD T0 39
C
C DEYERMINE pAwFR INCREASF OR DECREASF
C
2454 IF(PHRSFT = XPOWER(MPOWER))I4,39,35
C
o AOVANCE THRATITLE SETTING LDDP (3d=3%)
C
2441 34 lPOWtR = 2
2uuy TIME = 100, #{XFOAFR(HPIWER) = PWRSETI/DTPUP
2445 SEY = XPOWFR{HPUWER)}A1DD,
2dds TFCIDCN FR, 9)

+wRITE B, 19050)5FT, TIMF
1050 FORMAT(1X,2BHADVANCF THRUTTLE SETTING TO ,Fh,1,12H FERCENT IN
9Fa,1,5H SFC,)

246l 32 PWRSFT = PWRSET + (DTPUP/LU0,)1a5(3)
24710 TF(PNRSFET LT, XPDRFRA(MPORER)IGO TO 39
2473 FWRSFT = APDOWFER{MPNHER)
2475 MAOWER = MPAWER ¢ ]
eHTT HPOWER = YWHWR{MPIWFR)
2501 VPNWER = XVYPUR({MPNWFR)
2503 IPOWER = |
2504 GN Tu $9
E RFTARD THROTTLE S5FITTH;; LODP (35=39)
[
2507 15 IpQwkR = 3
2507 TIME = 100, #(PuRgET = XPOWER(MPOWER))/DTPOWM
2513 SFY = XPULER(MPMAER)I=}00,
2514 IFLIDEN ,ER, ©)

+WRITE(&,1051 }SET, TIME
1051 FORMAT(1X,274RETARD THROTYLE SETYVING TO ,F5,1,12H PERCENT IN ,Fd,1

2,54 SEC,)
2532 33 PWRSET = PvRSKT = (DTPDWN/100,)%5(3)
25136 IF(PWRSFT _GT, XPNakR(APOWER)IGO TO 39
2542 PWRSET = XPNwER{MPUWER)
2544 MEOWER = MPOWER + 1
254% HPOWER = XHPR[MPNWER)
2547 VPOWER = XYPWR(MPOWFR)
2552 1PDWER = |



A4

TAKQFF

2553 39 CONTLNUE

C

C HEADTIMG COANTROL (39=69)

t
2553 TRALK 2 SORT(S(BY®SIB)Y + S(F)s8(9))
2557 IF((S(T)= HAPTY ,GE, HHEAD ,oR, TRACK ,GE, RANGE)GD TO 61
2576 Gh TH 69
2576, 61 MROLL, = )
577 TROML = 1
2auo HEADF a XHEAD(LREAL)
2602 TFCIDCN BN, 9IWRITF[&,661HEADF

66 FORMAT(1X,22HRERIN TURN TO HEADING ,FS5,1,5H DEG,)

2616 IHEAD = THEAD + 1 :
2620 HANGE = XRANGE{THEAD)#RNGFTR ’
2422 HHEAD 2 KHHEAD(IMEAD)
262S HEAD & S{A}AST,3
FLT-R TTURN = 1
2630 IFLHEADF LT, HEAD)TTURN 2 =)
2634 OPRIOT = FLDATITTURN)}&ROLARAT /57,3
2637 59 CONTINUE
2687 IF(NCDUNT ,17,10)G0 TO 2
2bu NEOUNT = 0
ehog ADADT = (ALPHA = ALPHAJ)Y/S(3)
2645 DTHTRT = (THETAF = THETAJ)/5(3)
2bnt TA = ENP & THRUST
2651 VTS = S(d}avELFTR
2654 FAS 3 VHKISaSQRTCANS(T))
2660 GAMMA 2 5(53457,295
2hh2 AOC =2 S{AIRSIN{S(S) 1%k,
2671 ROLI. = PHIa«®7,3
2672 HEAD & S(hn)%57,3
264 IF(IGCN LER, 9]

WRITE (&, 100235(2),5(8),5(2),5(T),VRTS, EAS,EM,5¢10),CL,CD,ALPHA,
GGAMMA,ROC, XLF, TA, THETAF ,ROLL ,HEAD

2762 IPAGE = IPARE #1
eted IFCIPAGE 0T, MPAGEYIGD TO 2
2786 1PAGE a @
2Teh IF(IDON ,F3. 9)
+ARITEL{6,998)
217 I[F¢IUEN- FB, 9 ,AND, TUNIY _ER, 1IWRITE(H,1000)
3915 TFCIDEN Fl3, 9 ,ady, TUNIT _FR, 2)ARITE(6,2000)
¢
o EMD OF #ATN ATPRORWF INTEGRATION LODP,
C
3033 Gp T0 2
C
E CONVERSTINONS AND PRINT OUT.
3034 B TA & FnP & THPUST
3034 vKYSs = S{d)eyELFTR
30ad EAS = yXTS«SQURT(AMS(T))
3044 IF(KNCE  NE, 3)EAS = VEND
ELLY GAMMA = §{5)s57,895
30%6 ROC & SCAYASINIS(R) kD,
Ine ROLL = PHI*57,3

3065 HEAD = S(6)n57,7%



147

TAK

OFF
3ne7

3155

ib
17

3210
3211
3211

322}

3233
3233

IF(IDCN EQ, 9)
+WRITE(H,1002)5C¢2),5(8),5(9),5C7),VHTS,EAS,EM,3(10),CL,C0,ALPHA,
SGAMMA  ROC, XLF, T4, THETAF,ROLL ,HEAD

WRITE(&,1052)

FIKONE ,FQ, 2JWRITE(6,1054

15 EXB0E JEQY ualTEle; 1884

1052 FORMAT(/, 1%, 1dHEND OF TAKEDFF)
1053 FORMAT{{X,46HTHRATTL ING REQUIRED TO MAINTIAN CONSTANT SPEED)

1054 FORMAT(1Y,S9HDESIRED END SPEED NOYT ATTAINABLE Ay SPECIFIED POWER S

SETTING)
RETURN
9 CONTINUE
IF(RTCL 6T, RUC)WKITE(6,998)

996 FORMAT(/,2X,66HCANNDT ACCEL, AT INPUT H/C (RTCL), TRY VALUE L7, L

9A8T R/C PRINTED)
WRITE(&6,997)
99T FORMAT(/,{X,3AHxax ABNORMAL TERMINATION OF TAKOFF awx)
RETURN
END

SUBFPROGRAM LENGTH

ous

U

FUNCTION ASSIGNMENTS

YyYy

STATEMENT ASSIGNMENTS

i

?

24

28
35
a5
55
102
201
207
213
S00
LL L
102
105

S
3

1% £ 140 94 FR T BN EDN

000020

apot7a 2 - 001425 3 - 002045 4 = 001704
ag0150 8 - pnin3g 9 - 003212 10 - 002223
go2lo 22 - 002152 23 - 002202 2% - Qo222
0n1547 29 - 001575 31 - 002453 32 = 02465
002508 39 s 002554 41 e 001635 u2 = 001644
001776 a6 = 02005 af = Q02006 u8 = 002040
an23eh S6 - Qngnad b1 - 002517 b6 - 004210
003057 103 - 001050 106 - 001000 110 - 01061
003454 202 = N034HG 203 - gniSod 204 = 003513
0036400 208 = 0035607 209 = yo3blb 210 » 003622
1LY 214 - ND36SHL 715 - H03663 216 - 003667
001455 S0¢ - D534 &0t - 000102 996 - go42ud
003677 t000- = 0N3TS3 1062 - ANUO4S 1009 - 003710
gn413n 1030 - DONLY3 10iq -« 0D4pES 1050 - 004164
0gu22% 1054 - 4234 1055 = Q04152 10586 » Q0402

BLOCK NAMES AKD LENGTHS

UNI
UNT

v
T

VARIABLE

et
DFL

bDTP
ENFP

HA

FTR
POT
DN

000030,01  AERD - gonn2n/02 ROLL - 000002703 FXCHNG = 0Q0004/04

anoooR/a7
ASSIGNMENTS

0 02 ALPMAJ = 004522 ANGLE = 000005702 ANS - 004323
988813 L - aa0n13s02 CY - 000012708 DADT = 00445y
on4d3n PRHIDT = QOuSdT DSTOP = 004441 DTABS = 004431
poad3s DTPUP &« OJ0ud3d DIVECT = Q04435 EAS - Q0u52%
000021/01 ENPOLT « 004537 EYEW = 000020701 EYEWNG = 004436

5

15
26
33
43
49
69
113
20%
211
217
997
1010
10%1
1057

XROLL

co
DELFD
DTGR
EASTOD
]

141 0 290904 %20t

000037
oae2to
001720
002333
6016865
002045
L LT
ooiLs4
003531
003626
005673
00425%
003740
Q04LTH
003728

00041 /705

god0ld/so02
000006702

noauz2
00AS331
000008 /0T

6

16
27
34
44
50
1ot
120
206
212
299
998
1015
1052
2000

XFLATE

COGEAR
DELPSI

DTHTIDT

EM
GAMMA

24 808

006127
go2310
001600
go2d40
c01701
002317
0050t
001312
003557
003835
oo00360
003733
004117
00422y
004010

oootzlsoe

gouaz?
004946

004527
000010/04
00ase2



SP

TAKOFF

GRCD = 00001bs02 HABS - DDOO02/02 HAPRY -
HFLAP « 004534 HGR - QOUULY HHEAD =
HPONER = 004530 HYECT = DO4SUQ I -
IFLY - gouatl 16 - Joysnd IHEAD =
IROLL = ho450S ITUHN = 004551 TUNTT =
JJt - DOU4UBT JJe = 00U4dTD JHOUTE =
METRIL =~ 004453 MFLAP = (0004475 MPOKER =
NCOUHT = 0GdS21 NE G - Q0D03A/0S NPAGE -
PWRSET = 0ndS1S as - 000001 /02 RAMGE =
ROCMIN - 000001703 ROLL - Q0uS63d ROLLMX =
a4 -~ 004520 RET - 004560 SROLL =
TA « aopnr22,01  TEMP - ¢nas12 L{d -
THETAT « n04523 THRURT = 0QRO4/sN2  THIFIY =
TJ5 - (04553 10w - DO4S14 TRACK =
VELFTR - 004dS7 VEND - 000040 VFL AP =
YMARG = 004533 YPOWER = 004937 VVELT =
WG - CRO023/01 WOS - o0usy3 XDADT -
XHHEAD ~ QDU415 XHPWR = 0D4 3% KHYFCT =
XPORER = Qoulod XHANGE « OQD4UIN XVFLAP =
ZERD - GOaSi6

START OF CONSIANIS=003423 TEHPE==0042p3
7600 COMPILATION == RUNTR LEVEL 98 Tasq?ris,

ROUTINE COMPILES IN N&g200

Do4u3? HOT
004543 HJ
pouuan 100k
causo’ 1our
00000007  TUP
poL47e K
no4soo MROLL
poa4ss PHI
LYY RHD
oouas0 ROLKAT
vo0000/04 SH
00455% TG
podoas - THTSCP
pousel UM
p04535 vJ
00454t Vi3S
onaszb XPELFD
004376 XLF
(TR TR XYPWR
INGIRECTS=00432]

noass2
poyYssy
opudTe
oguaaz2
oouaTl
ooolao/0s
0o4asne
go0000/03
oopo15/02
004451
000015701
004556
oouauT
0oubu3d
0045%2
aooto2/0d
004333
0e0l116/06
004357

HEAD
HMAN
IFAST
1PAGE
IVECT

" KENG

MU
PHIMAX
RNGF TR
RTCL
53%
THEMAX
TIME
UNITS
VKTD

L
XHEAD
XLFHAX
XVVECT

00usa%
noaddy
000017702
004ULS
004502
004468
000D3T/05
0OUS10
OO&EGD
ouddS
000001 /04
400114/086
0O4sSsT
op4dLd
604530
000006/01
poau22
00CGL1T/08
DOYUDS

HEADF
HMAX
1FLAP
IPOMER
138
KODE
MYECT
PHARG
ROC

s

T
THE TAF

TINT
VEL
YKTS
WF
XHFLAP
XNU

z

004550
004455
004474
004477
004503
o0a544
004501
odadqiy
000143/06
000000/06
000000/05
000115/08
00451y
o000/ 02
004524
000to0T/01
0043490
00437y
004517



o

DERIV)
SUBHDUTINE NERIVY

C
c SUBROUTINE NERIVY CoMPUTES THE ACCELFRATION T(6) FOR THE GROUND ROLL
c
REAL MU
CNMMDA SUMIY/ WkC PMSC s 1DC +H f8T R 11 r
13 1EM VMG PEMMO S ALPHLO,CLALPH,5W r AR .8 '
2EYENW JENP 2 TA Wh 1 WGS P KRRITE,OLMCY
3,%STZE

COMMDE JAFRN/ VELsRS:HABSs THRUST, TVECT, ANGLE+DELFD/DELSPL, ALPHA,
ALY CY¥ s CL O RHG, GRED, IFAST
COMMON /XROLL/T0350) , NEGs MU NREY
COMMON ZURTT/TUNIT, S
2% = O.Stghntsuttrd)*T(ﬂ)
4 1FLAs ,EQ, N,048 = 0,1
T IFAST = 1
0 CAEL AHOpDYA
1 TEE6) F (G/ndIn(=weMU + QSA(CY4MU = X))

2n T(FY = T(W)
2l RFTLINN
a2 END

SUBPFOGRAM |FNGTH
00040

FUNCTIOM ASSIGNMENTS
STATEMENT ASSIGMMENTS

BLOCK NAMES AND | ENGIHS
UNTV -~ 000030n/01  AERD = GOo020r02 XROLL « 000D41/703  UNIT - 000602704

YARIABLE ASSIGNMENTS

cx - Dounilsoe Ly = anp0id/sng & = ¢00001/04 IFAST = 000017702 MU » 000037703 @8 = 00Q001/02
RHO - 000015702 S o= 0oonlss0t T = 0QO0DON/OS W = 00000&/01L

START OF CONSTAMTSE=00DN2S TEMPS==000030 INDTRECTS=Q00040

7600 COMPILATION == RUNTA LEVEL 9H T4/07719,

ROUTINE COMPILES IN 048000



Ly

DERIVZ

-~ 1R

t3
20

32

337

34
“g
“2
45

45
a7
Sg
S4

56
b4
bb
13
T4
75
1at
103
196
107
107
115

C
C

(g ]

N [aRalnl

SUBROUTINE DERIVZ
SUBRQUTINE RERIVZ GOMPUTES THE TIME DERIVATIVES FOR THE AIRBORME
PORTION OF THE TAKEOFF AND MAMAGES THE FLIGHT PATH CONTROL,

CAMMON AUNTV/ NPC #NSC y 10C +H $ 87 R L v
1wF JEM P VMO FHMMO L ALPHLO,CLALPH,5W 1 AR B ’
PEYEMW rENP ¢ TA NG rWGS s KWRITE,DLMCY
3,¥S12E .

COMMON /JaER0O/ VEL RS, HABS,) THRUST , TVECT, ANGLEsDELFD+DELSPL,)ALPHA,
9CX+CYsCL,CDyRHD,GRCH, TFAST

COMMON FXFLATE/ SCTIS) o ROC, THEMAX  THETAF , XLk ¢ XLFMAR K

COMMONM FROLLZ PHT,ROCMINM

CAMMDN FUMIT/TUNIT,G

NER = )

0% = O ,S«RENaRa*S{4)25(4)

VKIS = §{4)%0,592087

FLTUNLT LF0, 2IVKTS = §(4)

CONSTANT RATE 1F CLIMW PORTIDON

1 TF(K ,tQ, 9YCALL CLTYBC(ROC:S(5),vKTS,NER)
TFINER  NE, JINRITE(G,666)YALPHA,ROC
bo6 FORMAT(1y,30nasFRROR IN CLIMB = ALPHA,ROC 3,2F10,2)
26 IFAST = 0
ALL ARODYM

CHELK FUSFLAGE AnGLF, YF THETAF ,GT, THFHAx, REDUCE ALPHA (261w262)

261 THLTAF = 8(S)*57,P95 + A PHA = FYEW
IF(THETAF _1F, THEMLX)IGO TU 262
ALPHA = THEMAY + EvFw = 5(9)s%7,295
6N 10 26

CHERW LDAD FACTAR, TF xLF ,GT, xLEMAX, REDUCE ALPHA (262=263)

262 XIF = (Q5xLY) /W
TFIXLF L(LE, xLF®AYXIGD TO 263
ALPHA = 4| PHA = 0,65
GO TO 26

EHECK ACCFLFgaTinn, IF SC18Y),tT, 0,0, REDUCE ALpHA (263=3D)
IE TH CONSTAMT RaTF [F CLIMAR, RFDUCF ROLL ANGLE {MIN OF %,¢}

263 §010) = (H/w)al=CX208 =~ WasIniS(5)))
IF(S¢10) Gk, 0.0)G0 1O 30
[F{K LEQ, 9)6N T 2064

. = - Lf

265 JERELLRAALEY: 2482980 10 99
N TG 26

264 IF(ABS(PHTY L.T,5,0/57,3)G0 TO 265
IF(PHT ,GT, 0,)PHI = Pl = 0,1/57,3
TF{PHT LY, D IPHT = PHI + 0 1/57,3
6o T0 |

30 CNKLTINYE

ARG = walNS(8(%)Y)/(CY*NRS)
IF(ARG LT, 1,00)4R6G = 1,00



8t

DERIvVZ

121 IF(AHS(PHT) ,GT, 0,  AND, B{4)#S5IN(S(5))#60, ,LT, ROCMIN)PHI =
+(PHI/ABS(PHIJ)YXACOS{ARG) .

142 SC11) % (G/(WeS(4))Iw(CY*O3COSIFHIY = WaCOS(S(5)))

134 IF(9(111»57,% ,GE, «1,0)G0 TQo 490

160 1P{PHI LEQ, 0,)G0 TO 40

161 TFEPHI LT, 0,)PRT = PHI + 0,1/57,3

164 IF(PHI ,GT, 0,JPHT ® PHI = ¢, 1/57,3

167 IFCABSIPHTI) (LT 0.15/57,3)PH] = 0,

173 no T0 30

174 40 $012) = (/7 (WRS(UI*COSISISI)Iw(CYRASABINIPHI))

206 5(13) = SCA4)aSIN{S(S))

211 gr1d) = S(u)sCOSIS(SIINCOS{S(b))

217 §115) = Sru)nf0a(S(5)I*SINIS(6))

226 RETURM

226 99 LRITE(6,66)18(8)

66 FORMAT(1X,4baax UNABLE TO MAINTAIN ACCEL, ,GE, 0,0, DV/DT=,F%,5)

235 K & 99

236 END
SURPROGRAM LFNGTH
00347
FUNCTION ARSTGMMENTS
STATEMENT ASSIGNMENTS

- 000014 26 - 000N43 3 - $00110 4 - 00 0219

Ly - DPOB3S 362 = 0000HB N - 230048 324 11143 1 : 338580
BLOCK NAMES AND LENGTHS
UNTY - 000030701  AERD - 000020702 XFLATE = p00121/03 ROLL » 000002/04 UNIT w 000002/05
VARIABLE ASSIGMNMENTS
ALPHA « 00001C/02 ARG - ONp¥ED cx .« 0Oopl1s02 CY - pog0i2s02 EYEW e 000020701
IFAST o Q00DP17,02 ITUNIT « 000N00/05 K - 000120703 MNER - 000344 PHI = D00000/04
RHO « 000015/02 ROC - 500t14/703 ROCMIN = 000001704 S = 0p00Q0/G3 3k » 00001%/0)
THETAF « p00115/03 VKTS - 000345 W - DOODDB/O]  XLF w Q00316703 ALFHMAX » DO01I17/03
BTART NF CANSTANTS=080241 TEHPSe=D0030D INDIRELTS=0003 36
7600 ComplL ATION == RUNTA LEVEL 98 TAINTILS,

ROUTINE COMPILFS IN 0ud4300D

99
bbb

G
as
THEMAX

388852

000001705
500001/02
000114/03



67

CLIMB

1
11
12
14
L7
23
25
30
31

34
80
LY
1]

[
194
104
105
106
107

[2Exlalslalalala

SUBRONTINF CLIMBIROC, GAMMA,VKTS,NER)

SUBROUTINE CLTIMB FINDS THE REQUIRED ALPMA Tg FLY AT THE CONSTANT

RATE OF CLIMPA RYCL, GIVEN THE THRUST AND VELOCITY, CHANGER IN FLIGHT
PATH ANGLF ARE FATRLY INSENSITIVE TO VARIATIONS IN ANGLE OF ATTALK,

A5 A RESULT, THE COMPUTED RATE DF CLIMB WILL DIFFER SOME (USUALLY LOWER)
THAM THE DESIRED VALUE RTCL,

SUBROUTINE ZERJVE 1§ 4 ZEROsFINDER,

REAL MU

COMMON fUnIV/ NPC s MSC +10C 1) 57 R W ’
{wF rENM R ll] JEMMO L ALPHLO, CLALPH,SK r AR '8 r
2EYEW SENP s Th LI 1 WGS rKWRITE,DLMC4

3,XS51ZE

COMMON ZAFRN/ VEL,@5,HABSs THRUST, TVECT, ANGLE(DELFDeDELBPL,ALPHA,
OCX CYeCLoCDsRHOLGRCN, TFAST

COMMON /RQLL / PHY,ROCHIN

COMMON JUMIT/IUNIT,G

NER = 3

0L = 0,04

STEP = 1,0

e

Je = ¢

FACTOR = 2,.B561

IFCIUNIY LFn, 2IFACTOR 3 1,00

A5 = 0,SwRHDAVKTSeVKTS+SWaFaLTOR

FRROR = 999,

40 IFC(JX LEQ, 0)FARM) = FRROR

1FAST = ¢

CALl 4RODYW

ALPHX = ALPHA® 017453

ERRDR 2 QSa{fYRCNS(GAMNAYACOS(PHI) » CX4SIN(GAMMA)) = W
IF(ABB(ERROR) ,LT, 0,0025)GP TO &¢

IFCJX JEQ, 2)G0 TN &0

i#&bczEggyﬂégﬁRnﬁ*tﬂgﬂl.ALPHA,STEP,TOLpJC.JK)

160 YO AS
GO TQ a¢
60 RFTIURN
65 NER = 9
RETURN
END

SURPROGKAM LENGTH

no147

FUNCTINN ASSIGHNHENTS

STATEMERT ASSIGNMENTS

4o

- 0OON26e 1] - $A01D% 65 = 300166

BLOCK WAMES AnD LENGTHS

UNIV

~ ppQn3D/01  AEPRD - ppoaz2nso2  ROLL = DOODO2/703  UNIT = D00002/04



0§

CLImB

VARTABLE
ALPHA =
FACTDR =
PHI -
W -

START OF

ASSIGNMENTS
C00010/02 ALPHYX
000147 IFAST
onpopos05 0S5
g00006/01
CONSTANTS=000112

7600 COMPILATION == RUN7&

ROUTIHE COMPILES IMN Oudong

- 000146
= 000017/02
= Deocol/s0R

cX = 00G0L1/62 CY
TUNIT = D0ODOOO/O4 JC
RHD = 000015702 STEP

TEMPS==000122

ILEVEL 9B

74707715,

INDIRECTS=000136

= 00D012/02 ERRMI = 00014S

- 000142
o 000440

Jx
L L

e 00014}
e 000015701

ERROR
NU
ToL

« 000144
= 00013¢é
v 000137
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PULLUP

12
16
17
21
22
24
25
7
9
T
33
34
55
i1,
37
a0
42
us
ab
47
91
Se
sS4
55
S7
50
62

75

2 alulainaialinEskalsialatnlel

SUBROUTINE PULLUP(DADY,KODE, PWRSET , KENG, YEND, HAPT,DTABS)

SURBROUTINF PULLUP DTERMINES THE TIME RATE OF CHANGE OF THE ANGLE OF
ATTACHK DADY REQUIREN TD ARING THE AIRCRAFT FROM THE CONSTANT RATE OF
CLIM8 TO THF FINAL CLIMB SPEED(I,E, REODUCE ACCELERATION ALONG FLIGHT
PATH YO ZERQ AND THUS [INCREASING FLIGHT PATH ANGLE), THE PULLUP
MANEUVER STARTS AT SPEED OF VEND = PHARG#VEND(E,G, VENDE250,, PMARGXD, 04,
= START OF PULLUP AT 240, KNOTS), THE SUBROUTINE DOES THE VERY SAME
INTFGRATION LODP AS TAKNDFF, KITHDUT ANY PRINT 0T, AND VARIES THE

VAILUE OF DADY UNTIL PROPER VA1 UE FOUND, THE SEARCH FOR THE REGUIRED

DADT IS FOUMD BY A& RISECTION TECHNIQUE,

IF puLLUP FAILS W~ITH DADTE4, 0 (MAX, VALUE ALLOWED), USE®R SHOULD INPUT
LARGER YALUE FOR PMARG, THE PROGRAM WIL{ GENERALLY OVER=SHOOT THE
END SPEED BY 4 KNOT OR 80,

FXTERNMAL DERIVZ

COMMON /ypwlys WPL ,NSC JIDC LH + 87 WR N ¢
1 ufF oFu s VMO yEMMD S ALPHLO CLALPH, SH r AR B ]
ZEYEW sFNP T4 WG s WGS ¢ KWRITESDLMCA
3,XST12E

COMMON FAFRO/ VEL+DSsHABS, THRUST, TVFCT, ANGLEDELFD+DELSPL,ALPHA,
GCX s LYo CLeCDsRHDLGRED, IFASY

COHMON ZXFLATE/ S{75)1.ROC, THEMAX, THETAF o XLF ) XLFMAX,K

COMMON ZUNTT/TUNEIT, G

DIMFNSIDON ANS(H)

VELFYR = 0,592087

IFCTUNIT LEQ, 2)VELFTR = 1,00

sa2J = S5(21
S4J = 5(4)
58J = 5(9)
sHhJ = 8(8)
873 = (1)
58 = 5(4
§91 2 5(9)
wJ = W
ALPHAT = ALFPHA
KDNDE = |
ILODP = 0
BADT T 4,0
0aADTID = 0,0
ITIME = 1.

50 ILDDP = ILONP +
IF(ILOOP 6T, 1S) GO TO 95

ISTARY =

5{ s(2) = 8§21
5(4) = Sd)
(%Y = 853
5{6) 3 84
(7Y = 57}
5(8) = §8J
5{91 = 39}
“« 2 wJ

ALPHE = ALPHAJ

In0 Call. ATMOS(S(7),0TABS,ANS)

54 = ANR(4)



(A

PULLUR

76 RHO = AMS(3)
17 EM 3 5(d)/54
104 AABS = §(7) = HAPT
103 CaALL ENGINE (S(73,0TAB8,EM,PNRSET,WF,KENG)
112 IF(ISTART _NE, 27
9CALL INTE(Seb,2sleeloslarlostiorly,e DERIVZ)
131 IF(TSTART _EG, JIRETURN
140 18TARY = 2 .
141 w8 W ow WFxENP=S5(3)/3600,
145% K= |
Lun ALPHA = ALPha + DADTAS(T)
150 IF(XLF LT, 0,9)ALPHA = ALPHA + DADTaS(3)
154 IF(XLF LT, N,8)YALPHA = ALFHA ¢ DADT®5(3)
161 CALL. INTMeS,6,2,0,. 0.0 arlatertes DERIVZ):
173 EAS = S{4)«SART(ANS{/)IeVFLFTR
C
C TEST FUR VARJOUS FND CONDITIOMS ( =110}
c
200 TF(s{1l0), L1, 0,02 )GO TO 100
20l {F(FAS ,GFE, VEND + 0,5 ,AND, ITIME EB, 1)GO TD log
220 Gn TO 300
az20 100 IFCITIME _FQ, 2)G0O TU 01}
a2 IF{S¢10),6T, 0,02 ,AaD EAS _GE, VEND + 0,5)G0 TD 150
235 ITIME = 2
236 101 IF(DADT L7, N,0N)00 TO 160
24} IF{EAS ,GT, VEND LAND, FAS LT, VEND + 1,0)60 TO 200
252 IF(EAS ,LT, VENDIGO TO 110
2538 IF(DAPT ,Ef, 4,0)G0 10 99
255 DADTLD 3 nabd1
256 69 10 11%
2586 110 DADTUP = naDy
as7 115 NADT 3 ¢,S«(DADTUP + DADTLO)
262 GO YO SQ
C
C KoDF = 2 ENn SpREN REACHED, BUT Yoo MUCH THRUST AVAI{ ABLE = THROTTLING
c WwilLL BE REQUIRED,
C KODE = 3 = CANMAT REACH DESIKED END SPRED AT SPECIFIED PUWER SETTING =
C PULLUP DONE TR ZERD ACLELERAVION
C XODE &8 9 = PROGRAM FALLS
[
262 150 KDpF 5 2
263 GO TO 200
FLY ] {h0 KODE = 3
28% 200 [(8TART =z 3
2bb GO 16 51
287 99 4RITE(H,9R)
. . 9H FORMAT(IX,4dusww FATLER IN PYLLUP = TRY INPUT PMARG 3 0,1)
217 KNDE = &
30 RETIRN
kLI 95 WRITE(h,96)
95 FORMAT{1X,29kax& FXCESSTVF LDOPS IN PULLUP)
LR KODF = 9
33 RE TURNY

3n END



€S

PYLLUP

BUBPROGRAM LENGTH
0p40e

FUNCTION ASSIGNMENTS

BTATEMENT ASSIGNMENTS

%0 - ano041 51
100 - 0f022! 101
200 - 000266 300

BLACK NAMES AnD LENGTHS
LUNIY « paan3n/ol  AERQ

VARIABLE ASSIGNMENTS

ALPHA  « 00DD1G/N2  ALPHAJ
EAS = Qnpugd £M
ISTART » QQPUG? IT1ME
BA - 000403 52J
a8 - 000373 590
XLF ~ 000116/03

START NF CONMBYANTRRQNG314

Th00 [OMPII ATIDON == RUNT& LEVEL 9B

ROUTINE COMPTLES IN Od4bco

ooo047 95

apo247 t1o
000065

aono2asn2  xFLATE

000376 ANS -
coon1o/01 . ENP -
pogany IUNIT =
GND3be SuJ -
anp3Ta VELFTR =

TEMPS==000145
Turotr/15,

000301 9%
000257 1159

000121703 UNIT

300354 DADTLO
000021701 FACTOR
a00000/04 K

onole’ 85J
000364 W
INDTRECTS+000353

noodd0
ooo2e6d

Q000G2/0%

000400
000345
000120703
000370
000006/01

98
150

DADTUP
HABS
RHO
864

WF

000331
0002sl

0o0N40S
opdooasee

200015702

000371
000007701

9
§60

DTABS
ILooe

574
LD

000270
000245

000000
o037y
000000/03
000372
200375
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2ERJVE
SUBROUTINE ZERJVB(ERROR/ERRML,ORIVER/STEF,TOL,JC,JX}

ERR = ERRDR
i1 IFCIC, 6T, 0000 TN 16
14 JMm
14 JPmy
15 JFuD
15 Jx=n
16 Jasd
17 1D JCEIC+H)
el IF(JP,GT,0)G0 10 20
23 12 JPRJP+]
25 NRMIZDRIVER
4 URIVER = BRIVFR ¢ STEP
27 15 RFETURN
30 20 CONTINUE
ip IECJIF,GT D)RD TO 4%
33 TF(ERRMY I 7,0, ,AND FKR,GT,0,)60 Ta 30
4y IF(FRPRMY GT,0, JAND ERR, LT 0,360 70 3§
['¥4 IF(ERR LT 0,360 16 2%
50 IF(JM,GT, 060 TO 27
52 TF(ERR,GT ,FRRM1}GN Ty 22
%4 6o 10 12

24 22 BuRREAXTEr.
56

DRIVER = Bl = STEP

134 JHE M|

61 G0 TN 1S5

61 25 TF(JIM,GT, 0G0 TD 22

-1 LF(ERR LT EHRMINGD TL 22

[.1.] Gh Y0 12

.1} 30 TF(URML GY DRIVERIGO TO %5

72 Bl eDRMY

T2 AUEDRTVER

T4 GO TO 4D

T4 I% RUEDRM{

15 BLENRTVER

Th FRRMY = ERKNRK

100 a0 J¥ 8 1

tel IF(JF 6T, 0)GL TO 45

104 JF 2 JF + 1 :

1as DRIVER = BL + ¢,% » (Ry = BL)
tin RETURN

111 45 TF(FRPDR a ERAMY ,LFE, 0,0) GO 10 de
113 BL = DRYVFR

114 ERRM] = ERHCR

115 GO YO 47

116 4p W) & DRIyFW

117 47 DRIVER = BL + 0,5 = ( 6l =BL)
122 TF(aBS(BU « ©l) LT, TOL)JIX = 2
127 RETURN

130 END

SUBPROGRAM LENGIH



SS

ZERJIVE
pois3
FUNCTION ASSIGNMENTS

STATEMENT ASSIGMMENTS
10

- 000020 12 . 000024 1% -
L L] « QO0067 35 - 000075 40 -
BLOCK WAMES AND LENGTHS
VARIABLE ASSIGNMENTS
BL = J0ol52 Hu - DOD1S] DRME -
JM - 000144 JF . 000145 Jx -
START OF CONSTANTS=00013% TEMPS<=000135
7600 COMPILATINN == RUNTG LEVEL 9 CT4/0TAYS,

ROUTIKE COMPILES [H 044000

000030 20 = 000031 2¢
000101 as w 000112 46
000150 ERR » DOO143 JA
000000

INDIRECTS«000143

« (00055
w 000117

= p00Lar

25
ar

JF

e 000082
e 000120

« 00014é
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ATHMOS

[zR NN alaNaNe NaloNe

SUHROUTINE ATMOS(HH,DTABS, ANS)
COUMMON JULTT/TUNIT,G
DIMENSTON amM§([8)

HH=A[ TITUDE IN FEET

DTABS=TEMPFAATURF TNCRFMENY FROM STANDARD TEMPERATURE

ANS(1)» TEMPERATURE
ANS(P)=PRESSURE (PSH)
ANS (V) =DENSITY (SLVG/FYE)
ANS(4)«SPEED CF SDUND TN FT /SEC,
ANS(S5)=KINEMATIC VISCOSITY (FT2,/8EC)
ANS(8)=FRESSURE RATID
ANS({7)=DENSITY RATID
ANS(B)~TEMPERATURE RAYIN

HJ B HiK

{RANKTKE)

5 IFIIUNIT L§6, 2140 = HI / 0,3048
11 CTAB) F DTAEBS
12 TF(IUNIT LER, 2IDTABS = OTABIX(9,/5,)
15 THETA = 1,,000006B875%H] + DTABJI/SIB,67
21 DFLTA = (1,~,000006A75%H))%ns 256]
20 IF {HJ.LE 36089,) GO TO 4
31 THETA = 7519 + DYABJ/S18,87
33 DELTA & ,22%36nFXP((36089,sH!)/20786,)
43 4 STGMA = DELTA/THETA
45 AMS(1) = THETA & S1R,87
TS ANS(2) = DELTA » 2114,22
S0 ANS(3) = SIGMA = Q023169
52 ANS(A) =1117,068 *SOKT(THETA )
5 P o2 ANS( P
ZZ A~stSJs=235*o§§aE-oe-A~stl)tsnarcg~5t1))chu(:,+1qa,ra/ANs[1)))
T4 AMSC6) = DEI T
75 AMS(T) = STGMA
77 ANS{BY £ THETA
100 IFCIUNET LER, 1)RETURN
103 ANS(3) 3 ANSE3) 515,38
105 ANSC4) = ANS(d)20,3048
107 RE T1JqM
110 END

SUBPROGRAM (ENGTH
po1r2
FUNMCTION ASSIGNMENTS

STATEMENT ASSIGNMENTS
q = 00004y

BLOCK NAMES AND {ENGTHS
UNIT = 000002701

BRETABLE A3RIEYME M Sn1ams - so0tes
THETA = 000166

HJ

« 000164

TUNITY

* Q00000/01

]

= 000171

SIGMA

» COOLTO



